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THE    ORIGIN    OF    EVIL. 


Tiii:  question  which  has   moro    than    any  othor 

li.ira«H4Ml    nietaphyiiical   rcanonorn^    but  especially 

thi'ulcgiuiiH^  and  upon  which  it  is  probable  that 

n'»  vrry  salinfiM'tory  conclusion  will  ever  be  reached 

by  ih<*  human  faculties  in  our  present  stafo^  is  the 

()ii;;in  un<l  SuiTerance  of  Evil.     Its  existence  being 

uIuJiyH  aMHuniecb  philosophers  have  formed  various 

th<  orirH  for  explaining  it,  but  they  have  also  drawn 

\(iy   ilitFerent    inferences   from   it.      ^J'he   ancient 

l''.pirnn*iUH  argued   against   the   existence  of  the 

Drily,  brrause  they  held  that  the  exif^tence  of  Evil 

eitht  r  proved  him  to  be  limited  in  power  or  of  a 

iiiiill;;n:uit  nature;  either  of  which  imperfections  is 

incciiMHtent  with  the  first  notions  of  a  divine  being. 

In  this  kind  of  reasoning  they  have  been  follo\^ed 
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both  by  the  atheists  and  the  sceptics  of  later 
times.  With  both  sects  this  is  a  favourite  topic^  the 
one  drawing  from  it  a  conclusion  against  the  exist- 
ence of  anything  like  what  religious  men  call  a 
superintending  providence,  the  other  using  the  topic 
as  a  fruitful  source  of  doubts^  and  as  helping  them 
to  involve  the  whole  question  in  those  clouds  which 
are  the  proper  element  of  their  speculations.  It  is  to 
be  observed,  however,  that  the  sceptics  make  more 
use  of  the  argument  from  evil  than  the  dogmatical 
atheists ;  for  as  long  as  design  is  proved  to  exist  in 
the  universe,  the  malignity  of  the  overruling  prin- 
ciple, how  painful  soever  to  our  contemplation, 
would,  though  fully  admitted,  offer  no  proof 
against  that  derived  from  the  positive  evidences  of 
its  existence.  To  the  sceptic  the  consideration  of 
evil  has  been  supposed  more  favourable,  although 
without  much  foundation;  as  it  never  can  throw 
any  doubt  upon  tlie  grand  fundamental  truth  of 
natural  religion,  although  it  certainly  may  unsettle 
men's  minds  as  to  some  of  the  other  doctrines,  and 
create  some  hesitation  as  to  believing  in  the  attri- 
butes, when  it  has  failed  to  surround  the  existence  of 
a  Deity  with  any  obscurity.  That  the  great  prac- 
tical sceptic  of  all,  Bayle^ — he  who  carried  into  every 
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brudi  of  inquiiy  the  poirer  on  which  he  mott 
rakwd  himfeK  of  iniroking  all  subjects  in  doubt ^-^ 
Rfwded  the  subject  of  evil  as  one  of  the  great 
ananJs  from  whence  his  weapons  were  to  be  most 
chiefly  drawn  is  undeniable.  None  of  the  articles  in 
1h  famous  Dictionary  are  more  laboured  than  those 
ia  wliicfa  he  treats  of  this  subject.  Manirhean,  and 
fbll  more  Pamlician,  almost  assume  the  appearance 
of  formal  treatises  upon  the  question;  and  both 
Maraamiit  and  Z^roaurtet  treat  of  the  same  subject. 
All  these  articles  are  of  considerable  value;  they 
eootain  the  greater  part  of  the  learning  upon  the 
quettioo;  and  tliey  are  distinguished  by  the  acute- 
v^  of  reasoning  which  was  tlie  other  characteristic 
ofthdr  ceMirated  author. 

TIkjk  ancient  philosophers  who  did  not  agree 
with  Epicurus  in  arguing  from  the  exi<»tence  of  evil 
a^kinst  the  exHteuce  of  a  providence  that  ftup<;rin- 
triKlcd  and  influenred  the  destinies  of  the  worlds 
wfTc  put  to  no  little  difficulty  in  accounting  for  the 
fact  which  th^'y  did  not  deny,  and  yet  maintaining 
the  power  of  a  divine  ruler.  Ilie  doctrine  of  a 
double  principle,  or  of  two  divine  l>eings  of  opjxisite 

tkt  o&t  b*  cbwajr  Tsltttd. 
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natures,  one  beneficent,  the  other  mischievous,  was 
the  solution  which  one  class  of  reasoners  deemed 
satisfactory,  and  to  which  they  held  themselves 
driven  by  the  phenomena  of  the  universe. 
Others,  unable  to  deny  the  existence  of  tilings  which 
men  denominate  evil,  both  physical  and  morale 
explained  them  in  a  different  way.  Tliey  main- 
tained that  physical  evil  only  obtains  the  name 
from  our  own  imperfect  and  vicious  or  feeble  dis- 
positions; that  to  a  wise  man  there  is  no  such 
thing ;  that  we  may  rise  superior  to  all  such  grovel- 
ling notions  as  make  us  dread  or  repine  at  any 
events  which  can  befall  the  body ;  that  pain,  sick- 
ness, loss  of  fortune  or  of  reputation,  exile,  death  it- 
self, are  only  accounted  ills  by  a  weak  and  pampered 
mind ;  that  if  we  find  the  world  tiresome,  or  woe- 
ful, or  displeasing,  we  may  at  any  moment  quit  it ; 
and  tliat  therefore  we  have  no  right  whatever  to 
call  any  suffering  connected  with  existence  on  earth 
an  evil,  because  almost  all  sufferings  can  be  borne 
by  a  patient  and  firm  mind ;  since  if  the  situation  we 
are  placed  in  becomes  either  intolerable,  or  upon  the 
whole  more  painful  than  agreeable,  it  is  our  own 
fault  that  we  remain  in  it.  But  these  philosophers 
further  took  a  view  of  the  question  which  especially 
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ff^pKe^I  \o  fiif/rn]  pyih  lliey  con^kl^^red  thai  no* 
ihinf  ro*tU  be  nujre  ^routMetm  than  fo  mippoM 
fhu  if  0>ere  wire  iw  eril  llwre  C'/iiW  f^  any  gcwd 
in  fb?  worW  ;  uwl  fh^jr  illut^rafed  tlii»  ffnttion  by 
a4i»jr  Fk/ir  we  c/iiM  kiKm  anytliirig  of  femp^jTance, 
fof^j^vl*,  f/f  juKiic**,  unU'««  fh^re  were  »uch  things 
«  ex/  *M»,  rowarljc^,  and  inju^tiee, 

TImnw  wer^  fFie  docfrin««  of  flie  Sfoic«,  from 
»^/«?  «tjblirri«  and  irnpra/jfKiable  phil//«opby  they 
M-ifiK-d  naturally  enough  lo  flow.  Aulus 
O^llfii*  r<:late»  that  tlie  last-m'fiitiori'f^l  argMrnfJit 
rt«  expounded  by  Clirysippii^j,  in  hi«  work  upon 
Pi^Hhiifs**  'Hip  answer  given  by  PInfarch 
«**rfi*  rpjifi?  i(ijffi/'i''nf :  *'A«?  w*'!!  might  you  «ny 
th«t  A'.hill^*  /7/iiM  n//t  hav*i  a  fmn  hea'J  of  h»?r 
tir»)*---^  '/iM'rw^ePK  had  !><'<ffi  bald  ;  or  that  one  rnan'» 
Ufrt\/^  ':'/u|/i  not  be  all  Round  if  another  hud  'I'/t  the 
g'/'it.'*  In  truOi,  the  Stoiral  do'rtrin*'  pr'/'r^M'd'j  upon 
tl*e  a*«'inip*ion  that  all  \irfue  is  only  the  negative 
«/f  tHe;  and  in  a%  absurd,  if  indeed  it  ]ff  n//*  fho 
I'fjr  »anie  ab-^nrdify,  a^  tlie  d/rfrine  wlii'rh  shonM 
'i*-;iy  Ml**  #'isis#en':e  of  anirrn-'itive  or  p'/^iJive  (rntfiap, 
r«'4/^|'.i.ig  th'-m  all  into  the  opj/o^i*'-^  of  negative 
j.f'yj''/'i*:on<.      Ind'*ed,    if  we   ev^^n  vi'^re  to  ^drnit 
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this  as  an  abstract  position,  the  actual  existence  of 
evil  would  still  be  unnecessary  to  the  idea,  and  still 
more  to  the  existence,  of  good.  For  the  conception 
of  evil,  the  bare  idea  of  its  possibility,  would  be 
quite  sufficient,  and  there  would  be  no  occasion  for 
a  single  example  of  it. 

The  other  doctrine,  that  of  two  opposite  princi- 
ples, was  embraced  by  most  of  the  other  sects,  as  it 
should  seem,  at  some  period  or  other  of  their  in- 
quiries. Plato  himself,  in  his  later  works,  was  clearly 
a  supporter  of  the  system ;  for  he  held  that  there 
were  at  least  two  principles,  a  good  and  an  evil ; 
to  which  he  added  a  third,  the  moderator  or  me- 
diator between  them.  Whether  this  doctrine  was, 
like  many  othors,  imported  into  Greece  from  the 
East,  or  was  the  natural  growth  of  the  schools,  we 
cannot  ascertain.  Certain  it  is  that  the  Greeks 
themselves  believed  it  to  have  been  taught  by 
Zoroaster  in  Asia,  at  the  least  five  centuries  before 
the  Trojan  war ;  so  that  it  had  an  existence  there 
long  before  the  name  of  philosophy  was  known  in  the 
western  world.  Zoroaster's  doctrine  agreed  in  every 
respect  with  Plato's ;  for  beside  Oromazes,  the  good, 
and  Arimanius,*  the  evil  principle,  he  taught  that 

*  Called  in  the  East  Ormusd,  and  Ahriman. 


THE  ORIGIN  OF   EVIL.  7 

there  was  a  third,  or  mediatory  one,  called  Mithras. 
That  it  never  became  any  part  of  the  popular  belief 
in  Greece  or  Italy  is  quite  clear.  All  the  poly- 
theism of  those  countries  recognised  each  of  the  gods 
as  authors  alike  of  good  and  evil.  Nor  did  even 
the  chief  of  the  divinities,  under  whose  power  the  rest 
were  placed,  offer  any  exception  to  the  general  rule ; 
for  Jupiter  not  only  gave  good  from  one  urn  and  ill 
from  another,  but  he  was  also,  according  to  the 
barbarous  mythology  of  classical  antiquity,  himself 
a  model  at  once  of  human  perfections,  and  of  human 
vices. 

After  the  purer  light  of  the  Christian  religion 
had  made  some  way  towards  supplanting  the  ancient 
polytheism,  the  doctrine  of  two  principles  was 
broached;  first  by  Marcion,  who  lived  in  the  time 
of  Adrian  and  Antoninus  Pius,  early  in  the  second 
century;  and  next  by  Manes,  a  hundred  years 
later.  He  was  a  Persian  slave,  who  was  brought 
into  Greece,  where  he  taught  this  doctrine,  since 
known  by  his  name,  having  learnt  it,  as  is  said, 
from  Scythianus,  an  Arabian.  The  Manichean  doc- 
trines, afterwards  called  also  Paulician,  from  a  great 
teacher  of  them  in  the  seventh  century,  were,  like 
almost  all  the  heresies  in  the   primitive  church, 
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scon  mixed  up  with  gross  impurities  of  sacred  rites 
as  well  as  extravagant  absurdities  of  creed.  Tlie 
Manicheans  were^  probably  as  much  on  this  account 
as  from  the  spirit  of  religious  intolerance^  early 
the  objects  of  severe  persecution ;  and  the  Code  of 
Justinian  itself  denounces  capital  punishment  against 
any  of  the  sect,  if  found  within  the  Roman  domi- 
nions. 

It  must  be  confessed  that  the  theory  of  two  prin- 
ciples^ when  kept  free  from  the  absurdities  and 
impurities  which  were  introduced  into  theManichean 
doctrine^  is  not  unnaturally  adopted  by  men  who 
have  no  aid  from  the  light  of  revelation,  and  who 
are  confounded  by  the  appearance  of  a  world  where 
evil  and  good  are  mixed  together,  or  seem  to 
struggle  with  one  another,  sometimes  the  one  pre- 
vaiHng,  and  sometimes  the  other ;  and  accordingly 
in  aU  countries,  in  the  most  barbarous  nations,  as 
well  as  among  the.  most  refined,  we  find  plain  traces 
of  reflecting  men  having  been  driven  to  this  solution 
of  the  difficulty.  It  seems  upon  a  superficial  view 
to  be  very  easily  deducible  from  the  phenomena ; 
and  as  the  idea  of  infinite  power,  with  which  it  is 
manifestly  inconsistent,  does  by  no  means  so  natu- 
rally present  itself  to  the  mind,  as  long  as  only  a 
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very  great  degree  of  power,  a  power  which  in  com- 
parison of  all  human  force  may  be  termed  infinite, 
is  the  attribute  with  which  the  Deity  is  believed 
to  be  endued^  the  Manichean  hypothesis  is  by  no 
means  so  easily  refuted.  That  the  power  of  the  Deity 
was  supposed  to  have  limits  even  in  the  systems  of 
the  most  enlightened  heathens  is  unquestionable* 
They,  generally  speaking,  believed  in  the  eternity  of 
matter,  and  conceived  some  of  its  qualities  to  be  so 
essentially  necessary  to  its  existence  that  no  divine 
agency  could  alter  them.  They  ascribed  to  the  Deity 
a  plastic  power,  a  power  not  of  creating  or  annihi- 
lating, but  only  of  moulding,  disposing,  and  moving 
matter.  So  over  mind  they  generally  gave  him 
the  like  power,  considering  it  as  a  kind  of  emanation 
from  his  own  greater  mind  or  essence,  and  destined 
to  be  reunited  with  him  hereafter.  Nay,  over  all  the 
gods,  and  of  superior  potency  to  any,  they  conceived 
Fate  to  preside ;  an  overruling  and  paramount  ne- 
cessity, of  which  they  formed  some  dark  concep- 
tions, and  to  which  the  chief  of  all  the  gods  was 
supposed  to  submit.  It  is,  indeed,  extremely  diffi- 
cult to  state  precisely  what  the  philosophic  theory 
of  theology  was  in  Greece  and  Rome,  because  the 

B  3 
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wide  difference  between  the  esoteric  and  exoteric 
doctrines^  between  the  belief  of  the  learned  few  and 
the  popular  superstition,  makes  it  very  difficult  to 
avoid  confounding  the  two,  and  lending  to  the  former 
some  of  the  grosser  errors  with  which  the  latter 
abounded.  Nevertheless  we  may  rely  upon  what 
has  been  just  stated,  as  conveying,  generally  speak- 
ing, the  opinion  of  philosophers,  although  some  sects 
certainly  had  a  still  more  scanty  measure  of  belief. 
But  we  shall  presently  find  that  in  the  speculations 
of  the  much  more  enlightened  moderns.  Christians  of 
course,  errors  of  a  like  kind  are  to  be  traced.  They 
constantly  argue  the  great  question  of  evil  upon  a 
latent  assumption,  that  the  power  of  the  Deity  is 
restricted  by  some  powers  or  qualities  inherent  in 

matter ;  notions  analogous  to  that  of  fate  are  oc- 
casionally perceptible;  not  stated  or  expanded 
indeed  into  propositions,  but  influencing  the  course 
of  the  reasoning;  while  the  belief  of  infinite  attri- 
butes is  never  kept  steadily  in  view,  except  when  it 
is  called  in  as  requisite  to  refute  the  Manichean  doc- 
trine. Some  observers  of  the  controversy  have  in- 
deed not  scrupled  to  affirm  that  those  of  whom  we 
speak  are  really  Manichoans  without  knowing  it ; 
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and  build  their  systems  upon  assumptions  secretly 
borrowed  from  the  disciples  of  Zoroaster,  without 
ever  stating  those  assumptions  openly  in  the  form  of 
postulates  or  definitions. 

The  refutation  of  the  Manichean  hypothesis  is 
extremely  easy  if  we  be  permitted  to  assume  that 
both  the  principles  which  it  supposes  are  either  of 
infinite  power  or  of  equal  power.  If  they  are  of 
infinite  power  the  supposition  of  their  co-existence 
involves  a  contradiction  in  terms ;  for  the  one  being 
in  opposition  to  the  other,  the  power  of  each  must 
be  something  taken  from  that  of  the  other;  conse- 
quently neither  can  be  of  infinite  power.  If,  again, 
we  only  suppose  both  to  be  of  equal  power,  and 
always  acting  against  each  other,  there  could  be 
nothing  whatever  done,  neither  good  nor  evil ;  the 
universe  would  be  at  a  stand  still ;  or  rather  no  act 
of  creation  could  ever  have  been  performed,  and  no 
existence  could  be  conceived  beyond  that  of  the 
two  antagonist  principles.  Archbishop  Tillotson's 
argument,  properly  speaking,  amounts  to  this  last 
proposition,  and  is  applicable  to  equal  and  opposite 
principles,  although  he  applies  it  to  two  beings,  both 
infinitely  powerful  and  counteracting  one  another. 
Wlien  he  says  that  they  would  tie  up  each  other's 
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handsy  he  might  apply  this  argument  to  such  anta* 
gonist  principles  if  only  equal,  although  not  infinitely 
powerful  The  hypothesis  of  their  being  both  infi* 
nitely  powerful  needs  no  such  refutation ;  it  is  a  con- 
tradiction in  terms.*  But  it  must  be  recollected  that 
the  advocates  of  the  Mankhean  doctrine  endea- 
vour to  guard  themselves  against  this  attack  by 
contending,  that  the  conflict  between  the  two  prin- 
ciples ends  in  a  kind  of  compromise,  so  that  neither 
has  it  all  his  own  way ;  there  is  a  mixture  of  evil 
admitted  by  the  good  principle,  because  else  the 
whole  would  be  at  a  stand  still ;  while  there  is  much 
good  admitted  by  the  evil  principle,  else  nothing, 
either  good  or  evil,  would  be  done.  Another  an- 
swer is  therefore  required  to  tliis  theory  than  what 
Tillotson,  and  his  followers,  have  given. 

FirH,  we  must  observe  that  this  reasoning  of  the 
Manicheaus  b  **  after  the  manner  of  men."  It 
proceeds  upon  the  analogy  of  what  we  see  in  mortal 
contentions;  where  neither  party  having  the  power 
to  defeat  the  other,  each  is  content  to  yield  a  little 
to  his  adversary,  and  so,  by  mutual  concession,  both 
are  successful  to  some  extent,  and  both  to  some 
extent  disappointed.     But  in  a  speculation  con- 

*  Sm  TiUotton*!  Sermoof,  vol.  ii.  p.  690,  fol 
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cerning  the  nature  of  the  Deity^  there  seems  no  place 
for  such  notions. 

Secondly,  the  equality  of  power  is  not  an  arbi- 
trary assumption ;  it  seems  to  follow  from  the  exist- 
ence of  the  two  opposing  principles.  For  if  they 
are  independent  of  one  another  as  to  existence^ 
which  they  must  needs  be  else  one  w^ould  imme- 
diately destroy  the  other^  so  must  they  also,  in  each 
particular  instance,  be  independent  of  each  other, 
and  also  equal  each  to  the  other,  else  one  would 
have  the  mastery,  and  the  influence  of  the  other 
could  not  be  perceived.  To  say  that  in  some  things 
the  good  principle  prevails  and  in  others  the  evil, 
is  really  saying  nothing  more  than  that  good  exists 
here  and  evil  there.  It  does  not  further  the  argu- 
ment one  step,  nor  give  anything  like  an  explana- 
tion. For  it  must  always  be  borne  in  mind  that 
the  whole  question  respecting  the  Origin  of  Evil 
proceeds  upon  the  assumption  of  a  wise,  benevolent^ 
and  powerful  Being  having  created  the  world.  The 
difficulty,  and  the  only  difficulty,  is^  how  to  recon- 
cile existing  evil  with  such  a  Being's  attributes ;  and 
if  the  Manichean  only  explains  this  by  saying  the 
good  Being  did  what  is  good,  and  another  and  evil 
Being  did  what  is  bad  in  the  universe,  he  really  tells 
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US  nothing  more  than  the  fact ;  he  does  not  apply 
bis  explanation  to  the  difficulty ;  and  he  supposes 
the  existence  of  a  second  Deity  gratuitously  and  to 
no  kind  of  purpose. 

But,  thirdly 9  in  whatever  light  we  view  the  hypo- 
thesis, it  seems  exposed  to  a  similar  objection^ 
namely^  of  explaining  nothing  in  its  application^ 
while  it  is  wholly  gratuitous  in  itself.  It  assumes^  of 
course^  that  creation  was  the  act  of  the  good  Being; 
and  it  also  assumes  that  Being's  goodness  to  have 
been  perfect,  though  his  power  is  limited.  Then  as 
he  must  have  known  the  existence  of  the  evil  prin- 
ciple and  foreseen  the  certainty  of  misery  being  occa- 
sioned by  his  existence,  why  did  he  voluntarily  create 
sentient  beings  to  put  them,  in  some  respects  at 
least,  under  the  evil  one's  power,  and  thus  be  exposed 
to  suffering?  The  good  Being,  according  to  this 
theory,  is  the  remote  cause  of  the  evil  which  is 
endured,  because  but  for  his  act  of  creation  the  evil 
Being  could  have  had  no  subjects  whereon  to  work 
mischief;  so  that  the  hypothesis  wholly  fails  in 
removing,  by  more  than  one  step;  the  difficulty  which 
it  was  invented  to  solve. 

Fourthly,  there  is  no  advantage  gained  to  the 
argument  by  supposing  two  Beings,  rather  than  one 
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Being  of  a  mixed  nature.     The  facts  lead  to  this 
sij])po9ition  ju9t  as  naturally  as  to  the  hypothesis 
of  two  principles.     The  existence  of  the  evil  Being 
iff  an  much  a  detraction  from  the  power  of  the  good 
one,  as  if  we  only  at  once  suppose  the  latter  to  be 
of  limited  power,  and  that  he  prefers  making  and 
supporting  creatures  who  suffer  much  less  than  they 
enjoy,  to  making  no  creatures  at  all.    The  supposi- 
tion that  lie  made  them  as  happy  as  he  could^  and 
that  not  being  able  to  make  them  less  miserable,  he 
yet  perceived  that  upon  tlie  whole  their  existence 
would  occasion  more  happiness  than  if  they  never 
bad  any  being  at  all,  will  just  account  for  the  phe* 
nomcna  as  well  as  tlio  Manichcan  theory,  and  will 
an  little  as  that  theory  assume  any  malevolence  in 
the  {>ower  which  created  and  preserved  the  universe. 
If.  however,  it  be  objected  that  this  hypothesis  leaves 
unexplained  the  fetters  upon  the  good  Being's  power^ 
the  answer  is  obvious ;  it  leaves  those  fetters  not  at 
all  lt*sH  explained  than  tlieManichean  theory  does; 
for  that  theory  gives  no  explanation  of  the  existence 
of  a  counteracting  principle,  and  it  assumes  both  an 
antagonist  power  to  limit  the  Deity's  {K)wer,  and  a 
malevolent  principle  to  set  the  antagonist  power  in 
motion ;  whereas  our  supposition  assumes  no  male' 
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Tolence  at  all«  but  only  a  restraint  upon  the  divine 
power. 

Fifthly,  this  leads  us  to  another  and  most  for- 
midable objection.  To  conceive  the  eternal  exist- 
ence of  one  Being  infinite  in  power^  self-created  and 
creating  all  others^  is  by  no  means  impossible. 
Indeed,  as  everything  must  have  had  a  cause, 
nothing  we  see  being  by  possibility  self-created, 
we  naturally  mount  from  particulars  to  generals, 
until  finally  we  rise  to  the  idea  of  a  first  cause, 
uncreated,  and  self-existing,  and  eternal.  If  the 
phenomena  compel  us  to  affix  limits  to  his  good- 
ness, we  find  it  impossible  to  conceive  limits  to  the 
power  of  a  creative,  eternal,  self-existing  principle. 
But  even  supposing  we  could  form  the  conception 
of  such  a  Being  having  his  power  limited  as  well  as 
his  goodness,  still  we  can  conceive  no  second  Being 
independent  of  him.  This  would  necessarily  lead 
to  the  supposition  of  some  third  Being,  above  and 
antecedent  to  both,  and  the  creator  of  both — the 
real  first  cause — and  then  the  whole  question  would 
be  to  solve  over  again,  groflev  to  xaxov ; — Why  these 
two  antagonist  Beings  were  suffered  to  exist  by  the 
great  Being  of  all  ? 

The  Mauichean  doctrine,  then,  is  exposed  to  every 
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objection  to  which  a  theory  can  be  obnoxious.  It 
is  gratuitous  ;  it  is  inapplicable  to  the  facts  ;  it  sup-* 
poses  more  causes  than  are  necessary;  it  fails  to 
explain  the  phenomena^  leaving  the  difficulties 
exactly  where  it  found  them.  Nevertheless  such  is 
the  theory,  how  easily  soever  refuted  when  openly 
avowed  and  explicitly  stated,  which  in  various  dis- 
guises appears  to  pervade  the  explanations  given  of 
the  facts  by  most  of  the  other  sy&tems;  nay,  to  form, 
secretly  and  unacknowledged,  their  principal  ground- 
work. For  it  really  makes  very  little  difference  in 
the  matter  whether  we  are  to  account  for  evil  by 
holding  that  the  Deity  has  created  as  much  happi- 
ness as  was  consistent  with  "  the  nature  of  things," 
and  has  taken  every  means  of  avoiding  all  evil  except 
"where  it  necessarily  existed;"  or  at  once  give 
those  limiting  influences  a  separate  and  independent 
existence,  and  call  them  by  a  name  of  their  own^ 
which  is  the  Manichean  hypothesis. 

The  most  remarkable  argument  on  this  subject, 
and  the  most  distinguished  both  for  its  clear  and 
well  ordered  statement,  and  for  the  systematic  shape 
which  it  assumes,  is  that  of  Archbishop  King.  It 
is  the  great  text-book  of  those  who  study  this  subject ; 
and,  like  the  famous  legal  work  of  Littleton  it  has 
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found  an  expounder  yet  abler  and  more  learned  than 
the  author  himself.  Bishop  Law*8  conunentary  b 
full  of  information^  of  reasoning,  and  of  explication ; 
nor  can  we  easily  find  anything  valuable  upon  the 
subject  which  is  not  contained  in  the  volumes  of 
that  work.  It  will,  however,  only  require  a  slight 
examination  of  the  doctrines  maintained  by  these 
learned  and  pious  men,  to  satisfy  us  that  they  all 
along  either  assume  the  thing  to  be  proved,  or 
proceed  upon  suppositions  quite  inconsistent  with 
the  infinite  power  of  the  Deity — ^the  only  position 
which  raises  a  question,  and  which  makes  the  difii- 
culty  that  requires  to  be  solved. 

According  to  all  the  systems  as  well  as  this  one, 
evil  is  of  two  kinds — physical  and  moral.  To  the 
former  class  belong  all  the  sufferings  to  which  sen- 
tient beings  are  exposed  from  the  qualities  and 
affections  of  matter  independent  of  their  own  acts ; 
the  latter  class  consists  of  the  sufferings  of  whatever 
kind  which  arise  from  their  own  conduct.  This 
division  of  the  subject,  however,  is  liable  to  one 
serious  objection ;  it  comprehends  under  the  second 
head  a  class  of  evils  which  ought  more  properly  to 
be  ranged  under  the  first.  Nor  is  this  a  mere 
question  of  classification :  it  affects  the  whole  scope 
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of  the  argument.  The  second  of  the  above-men- 
tioned classes  comprehends  both  the  physical  evils 
which  human  agency  causes^  but  which  it  would 
have  no  power  to  cause  unless  the  qualities  of 
matter  were  such  as  to  produce  pain,  privation,  and 
death ;  and  also  the  moral  evil  of  guilt  which  may 
possibly  exist  independent  of  material  agency,  but 
which,  whether  dependent  or  not  upon  that  physical 
action,  is  quite  separable  from  it,  residing  wholly 
in  the  mind.  Thus  a  person  who  destroys  the  life 
of  another  produces  physical  evil  by  means  of  the 
constitution  of  matter,  and  moral  evil  is  the  source 
of  his  wicked  action.  The  true  arrangement 
then  is  this : — Physical  evil  is  that  which  depends 
on  the  constitution  of  matter,  or  only  is  so  far 
connected  with  the  constitution  of  mind  as  that  the 
nature  and  existence  of  a  sentient  being  must  be 
assumed  in  order  to  its  mischief  being  felt.  And 
this  physical  evil  is  of  two  kinds;  that  which 
originates  in  human  action,  and  that  which  is 
independent  of  human  action,  befalling  us  from 
the  unalterable  course  of  nature.  Of  the  former 
class  are  the  pains,  privations,  and  destruction 
inflicted  by  men  upon  one  another ;  of  the  latter 
class  are  diseases,  old  age,  and  death.     Moral  evil 
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consisls  in  the  crimes,  whether  of  commission  or 
omission,  which  men  are  gniUy  of — including  under 
the  lauer  head  those  sufferings  which  we  endure 
from  ill-regulated  minds  tlirough  want  of  fortitude 
or  self-control.  It  is  clear  that  as  far  as  the  ques- 
tion of  the  origin  of  evil  is  concerned,  the  first  of 
these  two  classes,  physical  evil,  depends  upon  the 
properties  of  matter,  and  the  last  upon  those  of 
mind.  The  second  as  well  as  the  first  subdivision 
of  the  physical  class  depends  upon  matter ;  because 
however  ill-disposed  the  agent's  mind  may  be,  he 
could  inflict  the  mischief  only  in  consequence  of 
the  constitution  of  matter.  Therefore,  the  Being 
who  created  matter  enabled  him  to  perpetrate  the 
evil,  even  admitting  that  this  Being  did  not  by 
creating  the  mind  also  give  rise  to  the  evil  dis- 
position ;  and  admitting  that,  as  far  as  regards  this 
disposition,  it  has  the  same  origin  with  the  evil  of 
the  second  class,  or  moral  evil,  the  acts  of  a  rational 
agent. 

It  is  quite  true  that  many  reasoners  refuse  to 
allow  any  distinction  between  the  evil  produced  by 
natural  causes  and  the  evil  caused  by  rational 
agents,  whether  as  regards  their  own  guilt,  or  the 
mischief  it   causes   to   others.      Those    reasoners 
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deny  that  the  creation  of  man*s  will  and  the  endow- 
ing it  with  liberty  explains  anything;  they  hold 
that  the  creation  of  a  mind  whose  will  is  to  do  evil, 
amounts  to  the  same  thing,  and  belongs  to  the 
same  class^  with  the  creation  of  matter  whose  nature 
is  to  give  pain  and  misery.  But  this  position^  which 
involves  the  doctrine  of  Necessity,  must,  at  the  very 
least,  admit  of  one  modification.  Where  no  human 
agency  whatever  is  interposed,  and  the  calamity 
comes  without  any  one  being  to  blame  for  it,  the 
mischief  seems  a  step,  and  a  large  step,  nearer  the 
creative  or  the  superintending  cause,  because  it  is, 
as  far  as  men  go,  altogether  inevitable.  The  main 
tendency  of  the  argument  therefore  is  confined  to 
physical  evil ;  and  this  has  always  been  found  the 
most  difficult  to  account  for,  that  is  to  reconcile 
with  the  government  of  a  perfectly  good  and  power- 
ful Being.  It  would  indeed  be  very  easily  explained 
and  the  reconcilement  would  be  readily  made,  if 
we  were  at  liberty  to  suppose  matter  independent 
in  its  existence,  and  in  certain  qualities,  of  the 
divine  control ;  but  this  would  be  to  suppose  the 
Deity's  power  limited  and  imperfect,  which  is  just 
one  horn  of  the  Epicurean  dilemma.  "  Aut  vult  et 
non  potest ;"  and  in  assuming  this,  we  do  not  so  much 
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beg  the  question  as  wholly  give  it  up  and  admit  we 
cannot  solve  the  difficulty.  Yet  obvious  as  this  is^ 
we  shall  presently  see  that  the  reasoners  who  have 
undertaken  the  solution^  and  especially  King  and 
Law^  under  such  phrases  as  "  the  nature  of  things/ 
and  "  the  laws  of  the  material  universe/'  have 
been  constantly^  through  the  whole  argument^ 
guilty  of  this  petitio  prindpii,  or  rather  this  aban- 
donment of  the  whole  question,  and  never  more  so 
than  at  the  very  moment  when  they  complacently 
plumed  themselves  upon  having  overcome  the  dif- 
ficulty. 

Having  premised  these  observations  for  the  pur- 
pose of  clearing  the  ground  and  avoiding  con- 
fusion in  the  argument,  we  may  now  consider  what 
Archbishop  King's  theory  is  in  both  its  parts  ;  for 
there  are  in  truth  two  distinct  explanations,  the  one 
resembling  an  argument  a  priori ^  the  other  an 
argument  a  posteriori.  It  is,  however,  not  a  little 
remarkable  that  Bishop  Law,  in  the  admirable  ab- 
stract or  analysis  which  he  gives  of  the  archbishop's 
treatise  at  the  end  of  his  preface,  begins  with  the 
second  branch,  omitting  all  mention  of  the  first  as  if 
he  considered  it  to  be  merely  introductory  matter; 
and  yet  his  fourteenth  note  (t.  cap.  1.  s.  3.)  shows 
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that  he  was  aware  of  its  being  an  argument  wholly 
independent  of  the  rest  of  the  reasoning ;  for  he  there 
says  that  the  author  had  given  one  demonstration 
a  priori,  and  that  no  diflSculties  raised  by  an  exami- 
nation of  the  phenomena^  no  objection  a  posteriori, 
ought  to  overrule  it^  unless  these  difficulties  are  equally 
certain  and  clear  with  the  demonstration^  and  admit 
of  no  solution  consistent  with  that  demonstration. 

The  necessity  of  a  first  cause  being  shown^  and 
it  being  evident  that  therefore  this  cause  is  uncreated 
and  self-existent^  and  independent  of  any  other^  the 
conclusion  is  next  drawn  that  its  power  must  be 
infinite.  This  is  shown  by  the  consideration  that 
there  is  no  other  antecedent  cause^  and  no  other 
principle  which  was  not  created  by  the  first  cause^  and 
consequently  which  was  not  of  inferior  power ;  there- 
fore there  is  nothing  which  can  limit  the  power  of 
the  first  cause ;  and  there  being  no  limiter  or  re- 
strainer,  there  can  be  no  limitation  or  restriction. 

Again,  the  infinity  of  the  Deity's  power  is  at- 
tempted to  be  proved  in  another  way.  The  number 
of  possible  things  is  infinite  ;  but  every  possibility 
implies  a  power  to  do  the  possible  thing ;  and  as 
one  possible  thing  implies  a  power  to  do  it,  an  in- 
finite number  of  possible  things  implies  an  infinite 
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power.  Or  as  Descartes  and  his  followers  put  it, 
we  can  have  no  idea  of  anything  that  has  not 
either  an  actual  or  a  possible  existence;  but  we 
have  an  idea  of  a  Being  of  infinite  perfection ;  there- 
fore he  must  actually  exist;  for  otherwise  there 
would  be  one  perfection  wanting^  and  so  he  would 
not  be  infinite,  which  he  either  is  actually  or  pos- 
sibly. It  is  needless  to  remark  that  this  whole 
argument,  whatever  may  be  said  of  the  former  one, 
is  a  pure  fallacy,  and  a  petit io  principit  through- 
out. The  Cartesian  form  of  it  is  the  most  gla- 
ringly fallacious,  and  indeed  exposes  itself;  for  by 
that  reasoning  we  might  prove  the  existence  of  a 
fiery  dragon  or  any  other  phantom  of  the  brain. 
But  even  King's  more  concealed  sophism  is  equally 
absurd.  WTiat  ground  is  tliere  for  saying  that  the 
number  of  possible  things  is  infinite?  he  adds, 
"  at  least  in  power,"  which  means  either  nothing  or 
only  that  we  have  the  power  of  conceiving  an  in- 
finite number  of  possibilities.  But  because  we  can 
conceive  or  fancy  an  infinity  of  possibilities,  does  it 
follow  that  there  actually  exists  this  infinity  ?  Hie 
whole  argument  is  unworthy  of  a  moment's  con- 
sideration. The  other  is  more  plausible,  that 
restriction  implies  a  restraining  power.    But  even 
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this  is  not  satisfactory  when  closely  examined.  For 
although  the  first  cause  must  be  self-existent  and 
of  eternal  duration^  we  only  are  driven  by  the  ne- 
cessity of  supposing  acause  whereon  all  the  argument 
rests,  to  suppose  one  capable  of  causing  all  that  ac- 
tually exists ;  and  therefore  to  extend  this  inference 
and  suppose  that  the  cause  is  of  infinite  power  seems 
gratuitous.  Nor  is  it  necessary  to  suppose  another 
power  limiting  its  efficacy,  if  we  do  not  find  it 
necessary  to  suppose  its  own  constitution  and 
essence  such  as  we  term  infinitely  powerful.  How- 
ever, after  noticing  this  manifest  defect  in  the 
fundamental  part  of  the  argument,  that  which  infers 
infinite  power,  let  us  for  the  present  assume  the 
position  to  be  proved,  either  by  these  or  by  any 
other  reasons,  and  see  if  the  structure  raised  upon 
it,  is  such  as  can  stand  the  test  of  examination. 

Thus,  then>  an  infinitely  powerful  being  exists^ 
and  he  was  the  creator  of  the  universe;  but  to 
incline  him  towards  the  creation  there  could  be  no 
possible  motive  of  happiness  to  himself,  and  he 
must,  says  King,  have  either  sought  his  own  hap- 
piness or  that  of  the  universe  which  he  made. 
Therefore  his  own  design  must  have  been  the  com- 
munication of  happiness  to  the  creature.     He  could 

VOL.  II.  G 
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only  desire  to  exercise  his  attributes  without,  or 
externally  to  himself,  which  before  creating  other 
beings  he  could  not  do.  But  this  could  only  gratify 
his  nature,  which  wants  nothing,  being  perfect  in 
itself,  by  communicating  his  goodness  and  providing 
for  the  happiness  of  other  sentient  beings  created  by 
him  for  this  purpose.  Therefore,  says  King,  **  it 
manifestly  follows  that  the  world  is  as  well  as  it- 
could  be  made  by  infinite  power  and  goodness;  for 
since  the  exercise  of  the  divine  power  and  the  com* 
munication  of  his  goodness  are  the  ends  for  which 
the  world  is  formed,  there  is  no  doubt  but  God  has 
attained  these  ends."  And  again,  *^  If  then  any 
thing  inconvenient  or  incommodious  be  now,  or  was 
from  the  beginning  in  it,  that  certainly  could  not 
be  hindered  or  removed  even  by  infinite  power, 
wisdom,  and  goodness." 

Now  certainly  no  one  can  deny,  that  if  God  be 
infinitely  powerful  and  also  infinitely  good,  it  must 
follow  that  whatever  looks  like  evil,  either  is  not 
really  evil,  or  that  it  is  such  as  infinite  power  could 
not  avoid.  This  is  implied  in  the  very  terms  of  the 
hypothesis.  It  may  also  be  admitted  that  if  the 
Deity's  only  object  in  his  di3pensation  be  the  hap- 
piness of  his  creatures,  the  same  conclusion  follows 
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even  without  assuming  his  nature  to  be  infinitely 
good ;  for  we  admit  what^  for  the  purpose  of  the 
argument^  is  the  same  things  namely,  that  there 
entered  no  evil  into  his  design  in  creating  or  main- 
taining the  universe.  But  all  this  really  assumes 
the  very  thing  to  be  proved.  King  gets  over  the 
difficulty  and  reaches  his  conclusion  by  saying, "  The 
Deity  could  have  only  one  of  two  objects — his  own 
happiness  or  that  of  his  creatures.**  The  sceptic 
makes  answer,  "He  might  have  another  object, 
namely,  the  misery  of  his  creatures  ;*' — and  then  the 
whole  question  is,  whether  or  not  he  had  this  other 
object ;  or,  which  is  the  same  thing,  whether  or  not 
his  nature  is  perfectly  good.  It  must  never  be 
forgotten,  that  unless  evil  exists,  there  is  nothing 
to  dispute  about;  cadit  qu<Bstio.  The  whole  dif- 
ficulty arises  from  the  admission  that  evil  exbts ; 
or  that  what  we  call  evil  exists.  From  this  we 
inquire  whether  or  not  the  author  of  it  can  be  per- 
fectly benevolent  ?  or  if  he  be,  with  what  view  he 
has  created  it  ?  This  assumes  him  to  be  infinitely 
powerful,  or  at  least  powerful  enough  to  have  pre- 
vented the  evil ;  but  indeed  we  are  now  arguing 
with  the  archbishop  on  the  supposition  that  he  has 
proved  the  Deity  to  be  of  infinite  power.     The 
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sceptic  rests  upon  his  dilemma^  and  either  alterna- 
tive, limited  power  or  limited  goodness,  satisfies  him* 

It  is  quite  plain,  therefore,  that  King  has  assumed 
the  thing  to  be  proved  in  his  first  argument,  or 
argument  a  jjriari.  For  he  proceeds  upon  the 
postulates  that  the  Deity  is  infinitely  good,  and  that 
he  only  had  human  happiness  in  view  when  be 
made  the  world.  Either  supposition  would  have 
served  his  purpose ;  and  making  either  would  have 
been  taking  for  granted  the  whole  matter  in  dis- 
pute. But  he  has  assumed  both;  and  it  must  be 
added,  he  has  made  his  assumption  of  both  as  if 
he  was  only  laying  down  a  single  position.  This 
part  of  the  work  b  certainly  more  slovenly 
than  the  rest.  It  is  the  third  section  of  the  first 
chapter. 

It  is  certainly  not  from  any  reluctance  to  admit 
the  existence  of  evil  that  the  learned  author  and 
his  able  commentator  have  been  led  into  this  incon- 
clusive course  of  reasoning.  We  shall  nowhere 
find  more  striking  expositions  of  the  state  of  things 
in  this  respect,  nor  more  gloomy  descriptions  of  our 
condition,  than  in  their  celebrated  work.  ''Whence 
so  many  inaccuracies  (says  the  archbishop)  in  the 
work  of  a  most  good  and  most  powerful  God? 
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Whence  that  perpetual  war  between  the  very  ele- 
ments^ between  animals^  between  men?  Whence 
errors,  miseries,  and  vices,  the  constant  companions 
of  human  life  from  its  infancy  ?  Whence  good  to 
evil  men,  evil  to  the  good  ?  If  we  behold  anything 
irregular  in  the  works  of  men,  if  any  machine 
serve  not  the  end  it  were  made  for,  if  we  find  some- 
thing in  it  repugnant  to  itself  or  others,  we  attri- 
bute that  to  the  ignorance,  impatience,  or  malice  of 
the  workman.  But  since  these  qualities  have  no 
place  in  God,  how  come  they  to  have  place  in  any- 
thing? Or  why  does  God  suffer  his  works  to  be 
deformed  by  them?" — (Chap.  ii.  s.  3.)  Bishop 
Law  in  his  admirable  preface  still  more  cogently 
puts  the  case :  "  When  I  inquire  how  I  got  into 
this  world,  and  came  to  be  what  I  am,  I  am  told 
that  an  absolutely  perfect  being  produced  me  out 
of  nothing,  and  placed  me  here  on  purpose  to  com- 
municate some  part  of  his  happiness  to  me,  and  to 
make  me  in  some  measure  like  himself.  This  end 
is  not  obtained — the  direct  contrary  appears — 
find  myself  surrounded  with  nothing  but  perplexity, 
want,  and  misery — ^by  whose  fault  I  know  not — how 
to  better  myself  I  cannot  tell.  What  notions  of  good 
and  goodness  can  this  afford  me  ?     What  ideas  of 
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religion  ?  What  hopes  of  a  future  state  ?  For  if 
Gocl*8  aim  in  producing  me  be  entirely  unkll01^^ 
if  it  be  neither  his  glorj  (as  some  will  haTeit), 
which  my  present  state  is  far  from  advaneing,  nor 
mine  own  good,  which  the  same  is  equally  incon- 
sistent with,  how  know  I  what  I  am  to  do  her^  or 
indeed  in  what  manner  I  must  endeavour  to  pkna 
him  ?  Or  why  should  I  endeavour  it  at  all  ?  For  if  1 
must  be  miserable  in  this  world,  what  security  hais 
I  that  I  shall  not  be  so  in  another  too,  (if  there  b 
one,)  since,  if  it  were  the  will  of  my  Almighty  Cre« 
ator,  I  might  (for  aught  I  see)  have  been  happy  in 
both."— (Pref.  viii.) 

The  question  thus  is  stated.     The  difficulty  ii 
raised  in  its  full  and  formidable  magnitude  by  bodi 
these  learned  and  able  men ;  that  they  have  signally 
failed  to  lay  it  by  the  argument  h  priori  is  plaia. 
Indeed  it  seems  wholly  impossible  ever  to  answtr 
by  an  argument  a  priori  any  objection  whatevef 
which  arises  altogether  out  of  the  &cts  made  knowt 
to  us  by  experience  alone,  and  which  are  therefofe 
in  the  nature  of  contingent  truths,  resting  upon 
contingent  evidence,   while  all  demonstrations  a 
priori  must  necessarily  proceed  upon  mathematical 
truths.     Let  us  now  see  if  their  labours  have  been 
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■ort  •tiaetttfttl  in  applying  to  th«  9ohjtion  of  the 
Mkvkjr  the  reaiantng  it  poMterhri. 

Arehbiiliop  King  AWiAen  evil  into  three  kinds — 
iaperfrction^  nttumi  evil,  and  morml  evil — include 
iif  ander  the  laiit  head  all  the  phytieal  evib  that 
mm  from  human  aetiont^  at  wdl  aa  the  eril  which 
MMta  in  the  guilt  of  thote  actions* 

The  existcoee  of  imperfeetion  is  stated  to  be  neces- 
mnfp  becaoae  everything  which  is  created  and  not 
MU^istent  must  be  imperfect ;  eonse<{aently  every 
wwfcof  the  Deityjn  other  words^  everything  but  the 
Drily  himself,  must  have  imperfection  in  its  nature* 
Kor  is  the  existence  of  some  Wings  which  are  im-' 
pifwt  any  interference  with  the  attributes  of 
Hhrrt.  Nor  tlie  existence  of  beings  with  many  im* 
prfretions  any  interference  with  others  having  pre- 
Maenee.  The  goodness  of  the  Deity  therefore  is 
IS  impugned  by  tiie  existence  of  various  orders  of 
beings  more  ot  less  approaching  to  per- 
il is  creating  none  at  all  wo«ild  have  left 
Iht  sttivene  less  admirable  and  containing  less 
fcsppiiiesa  than  it  now  does.  Therefore,  the  act  of 
benevolence  which  called  those  various  orders 
esiislenee  is  not  impeached  in  respect  of  good- 
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ness  any  more  than  of  power  by  the  variety  of  the 
attributes  possessed  by  the  different  beings  created. 

Upon  this  argument  it  may  be  observed  that 
much  of  it  is  solid ;  but  one  part  is  ill-considered. 
The  goodness  of  the  Deity  is  well  shown  not  to 
be  impugned  by  the  imperfection  of  any  creatures ; 
but  the  necessity  of  the  imperfection  is  not  proved 
by  merely  saying  that  all  created  beings^  all  which 
are  not  self-existent,  must  be  imperfect.  They 
might  by  possibility  be  perfect  in  every  respect 
except  their  being  created.  This  argument  com- 
mits the  great  paralogism  of  substituting  all  ex- 
isting imperfections  for  the  one  imperfection  of 
not  having  self-existence.  The  main  stress  of  the 
question,  however,  has  never  rested  so  much  upon 
mere  evils  of  imperfection,  unless  we  reckon  dis- 
solution and  death  among  them,  which  King  by  no 
means  does. 

He  now  proceeds  to  grapple  with  the  real  diffi- 
culty of  the  question.  And  it  is  truly  astcmishing 
to  find  this  acute  metaphysician  begin  with  an 
assumption  which  entirely  begs  that  question.  As 
imperfection,  says  he,  arises  from  created  beings 
having  been  made  out  of  nothing,  so  natural  evils 
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ariie  "  from  all  iMitural  thing*  having  a  relation  to 
Matter,  and  on  this  account  being  nece«uirily  tub* 
jeet  to  natural  evil.**     Am  long  as  matter  is  subject 
to  notion,  it  must  be  the  subject  of  generation  and 
corruption.     "These  and  all  other  natural  evils,*' 
•tjrs  the  author^ ''  are  io  necessarily  connected  with 
the  material  origin  of  things  that  tliey  cannot  be 
mpi rated  from  it,  and  thus  the  structure  of  the  world 
cither  ought  not  to  have  beeu  formed  at  all,  or 
these  evils  must  have  been  tolerated  witliout  any 
iaiputition  on  the  divine  power  and   goodness*** 
A|iio,  he  says,  "  corruption  could  not  be  avoided 
vithout  violence  done  to  the  laws  of  motion  and 
the  nature  of  matter.**     Again,  ''All  manner  of 
iaeoovenienoes   could  not   be  avoided  because   of 
the  imperfection  of  matter  and  the  nature  of  motion. 
That  state  of  things  were  therefore  preferable  which 
«M  attained  with  tlie  fewest  and  the  least  incon- 
Tcaienoef.**     Then  follows  a  kind  of  menace,  ''And 
vho  but  a  very  rash  indiscreet  person  will  affirm 
thatGod  has  not  actually  made  clioice  of  this?** — 
vheo  every  one  must  perceive  that  the  bare  pro- 
pounding of  the  question  concerning  evil  calls  upon 
ui  to  exercise  this  temerity  and  commit  this  indis- 
cMion. — (Chap.  iv.  s.  1,  div.  7.)    He  then  goes  iuto 

c3 
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more  detail  as  to  particular  cases  of  natnfal  evil ; 
but  all  are  handled  in  the  same  way.  Thus  deadi 
is  explained  by  saying  that  the  bodies  of  animak 
are  a  kind  of  vessels  which  contain  fluids  in  motion^ 
and  being  broken,  the  fluids  are  spilt  and  the 
motions  cease  ;  "  because  by  the  native  imperfec- 
tion  of  matter  it  is  capable  of  dissolution,  and  the 
spilling  and  stagnation  must  necessarily  follow,  and 
with  it  animal  life  must  cease." — (Chap.  iv.  s.  3.) 
Disease  is  dealt  with  in  like  manner.  "  It  could 
not  be  avoided  unless  animals  had  been  made  of  a 
quite  different  frame  and  constitution." — (Chap.  if. 
s.  7.)  The  whole  reasoning  is  summed  up  in  the 
concluding  section  of  this  part,  where  the  author 
somewhat  triumphantly  says,  ^  The  difficult  tpies- 
tion  then,  whence  comes  evil  ?  is  not  unanswerable. 
For  it  arises  from  the  very  nature  aiid  constitution 
of  created  beings^  and  could  not  be  avoided  with- 
out a  contradiction." — (Chap.  iv.  s.  9.)  To  this  the 
commentary  of  Bishop  Law  adds  (Note  41),  **  that 
natural  evil  has  been  shown  to  be,  in  every  caae, 
unavoidable,  without  introducing  into  the  system  a 
greater  evil." 

It  is  certain  that  many  persons,  led  away  by  the 
authority  of  a  great  name,  have  been  accustomed 
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to  regard  tbb  woric  m  a  text-book,  and  hare 
■ppealcd  to  Archbishop  King  and  his  learned  com* 
aMMator  as  hating  solved  the  question.  So  many 
mtn  have  rsferred  to  the  ''  Principia**  as  showing  the 
notions  of  the  heavenly  bodies,  who  never  read,  or 
indeed  could  read,  a  page  of  that  immortal  work. 
But  no  man  ever  did  open  it  who  could  read  it  and 
lad  himself  disappointed  in  any  one  particular ;  the 
whole  demonstration  is  perfect;  not  a  link  is  wanting; 
•othiog  is  assumed.  .  ilow  different  the  case  here  I 
We  open  the  work  of  the  prelate  and  And  it  from 
irst  to  last  a  chain  of  gratuitous  assumptions,  and, 
of  the  nnatn  point,  nothing  whatever  is  either  proved 
or  explained.  Evil  arises,  he  suys,  from  the  nature 
of  matter.  Who  doubts  it  ?  But  is  not  the  whole 
question  why  matter  was  created  with  such  proper- 
ties as  of  necessity  to  produce  evil  ?  It  was  imposni- 
Ue,  says  he,  to  avoid  it  consistently  with  the  laws  of 
motion  and  matter.  Unquestionably  ;  but  the  whole 
dispute  is  upon  those  laws.  If  indeed  the  laws  of 
nature,  the  existing  constitution  of  the  material 
world,  wore  assumed  as  necessary,  and  as  binding 
upon  the  Deity,  how  is  it  ])Ossiblo  that  any  question 
erer  could  have  been  raised  7  The  Deity  having 
the  power  to  moke  those  laws,  to  endow  matter 
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with  that  coimtitution,  and  having  also  the  power 
to  make  different  laws  and  to  give  matter  another 
constitution,  the  whole  question  is^  how  his  choosing 
to  create  the  present  existing  order  of  things — ^the 
laws  and  the  constitution  which  we  find  to  prevail 
— can  be  reconciled  with  perfect  goodness.  The 
whole  argument  of  the  archbishop  assumes  that 
matter  and  its  laws  are  independent  of  the  Deity; 
and  the  only  conclusion  to  which  the  inquiry  leads 
us  is  that  the  Creator  has  made  a  world  with  as 
little  of  evil  in  it  as  the  nature  of  things — that  is,  as 
the  laws  of  nature  and  matter — allowed  him ;  which 
is  nonsense,  if  those  laws  were  made  by  him,  and 
leaves  the  question  where  it  was,  or  rather  solves  it 
by  giving  up  the  omnipotence  of  the  Creator,  if 
these  laws  were  binding  upon  him. 

It  must  be  added,  however,  that  Dr.  King  and  Dr. 
Law  are  not  singular  in  pursuing  this  most  inconclu- 
sive course  of  reasoning.  Thus  Dr.  J.  Clarke,  in 
his  treatise  on  natural  evil,  quoted  by  Bishop  Law 
(Note  32),  shows  how  mischiefs  arise  from  the  laws 
of  matter;  and  says  this  could  not  be  avoided 
^'without  altering  those  primary  laws,  that  is, 
making  it  something  else  than  what  it  is,  or  chang- 
ing it  into  another  form ;  the  result  of  which  would 


mAy  \m  to  teoA^  fat  lUbU  to  erik  of  anoftbier  kind 

Mfiim^  trtuch  tli«  «»»«  a^ediom  would  equally  lle,*^ 

fit  Dr.  J.  Bunnett,  in  bk  dkeo^rm^  on  enU  at  thi9 

Bojrle  lAfiwii  (voL  ii.  p.  201),  eone«ive«  thai  bo 

«ipU<tt»  death  hjr  iayinf ,  that  tbe  matieriak  of 

vhidi  the  body  k  eompofted  ^  cannot  la«t  beyond 

•rreoty  y«ar»,  or  thf^meabout*^  atid  it  wa«  origioally 

iiifiwdad  thai  wo  should  dk  at  that  age^"^     Paio, 

tao,  ht  imaf  io^#  k  «eeoaotied  for  by  obcenriog  tliai 

M  am  cndowod  with  fealiug^,  and  ttiat  if  we  eotiid 

Ml  fael  iwio  «o  neither  eotild  we  pka«ure  (p.  202). 

Agajii  ho  aaya  thai  there  are  eertaia  quaUtie^ 

vhkh  ''  i»  the  natare  of  things  matter  U  uoeapable 

«f "  ^p.  WJ ).    And  as  if  tie  really  felt  the  pressure 

(^thk  diflSeiilty,  lie  at  letigtli  (Uima^  iQ  ibk  cQiielu' 

WMf  that  life  is  a  free  gift^  wbkb  we  liad  %m  right 

to  evaci,  and   ubi^b  tlie  Deity  lay  ai^tir  lift  ne- 

ifftfi^y  to  grant,  therefore  we  tnu^i  take  il  with 

the  cofMlitiof^s  aMiexad  (p'210>;  wliich  is  uiKle* 

M«biy  true,  Uit  is  exeludiug  tl^  diteussiou  mui  luA 

tNnmeriog  tlie  question  profxyscd.     Nor  must  it  be 

kfffMMU  tluit  some  reasoners  deal  strangely  wiih 

tlbC»cu.  Itim Derbam,  in  bis **  Fbyfeixjo-'llieobygy,** 

^i^f^Mning  Ilie  use  of  |>oi^on  in  snakes,  first  ilatAftm 

^  to  bear  in  onnd  thai  many  venomous  ones  are  of 
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use  medieiiially  in  stubborn  diseases^  which  is  not 
true^  and  if  it  were  would  pro?e  nothing,  unless  die 
venom^  not  the  flesh,  were  proved  to  be  medicinal; 
and  then  says,  they  are  **  scourges  upon  ungrateful 
and  sinful  men ;"  adding  the  truly  astounding 
absurdity,  **  that  the  nations  which  know  not  God 
are  the  most  annoyed  with  noxious  reptiles  and 
other  pernicious  creatures  "  (Book  ix.  c.  1) ;  which  if 
it  were  true  would  raise  a  double  difficulty,  by 
showing  that  one  people  was  scourged  because  an- 
other had  neglected  to  preach  the  gospel  among 
them.  Dr.  J.  Burnett,  too,  accounts  for  animals 
being  suffered  to  be  killed  as  food  for  man,  by 
affirming  that  they  thereby  gain  all  the  care  which 
man  is  thus  led  to  bestow  upon  them,  and  so  are, 
on  the  whole,  the  better  for  being  eaten.  (Boyle 
Lecture,  II.  207).  But  the  most  singular  error 
has  perhaps  been  fallen  into  by  Dr.  Sherlock,  and 
the  most  unhappy — ^which  yet  Bishop  Law  has 
cited  as  a  sufficient  answer  to  the  objection  respect- 
ing death :  "  It  is  a  great  instrument  of  government, 
and  makes  men  afraid  of  committing  such  villanies 
as  the  laws  of  their  country  have  made  capital** 
(Note  34).  So  that  the  greatest  error  in  the  crimi- 
nal legislation  of  all  countries  forms  part  of  the 
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difior  pfondcoec,  mad  ma  ham  wJi  Itngth 
wvtffd,  by  tfM  light  of  reMOD,  th«  folly  and  tlit 
vJeiufdoeM^  using  an  imUtummd  exprowly  created 
br  dirina  Omniacaenea  to  ba  abused  i 

Tha  ramalnjpg  portjon  of  King's  work,  filling  tfaa 
leeoad  %'oluna  of  Bishop  Law's  edtlion,  is  derotad 
10  tile  explanation  of  Moral  Evil;  and  hera  although 
(hera  are  sonae  sound  and  irrefragable  doetrinas 
expluioed,  yat  the  gratuitous  assumption  of  the 
**  nature  of  tilings/'  and  the  "  laws  of  nature/'  more 
or  Wss  pervade  the  whole  as  in  tlie  {ormer  parta  of 
the  Inquiry. 

I'he  fuadamental  position  of  the  whole  is,  that 
m»u  having  been  endowed  with  free  will,  his  hap- 
]>iness  c^Misists  in  making  due  eleeiioni^,  or  in  the 
ri^rlit  exercise  of  that  free  wilL  Five  causes  are 
t}ieu  given  of  undue  elections,  iu  which  of  course 
his  misery  consists  as  tar  as  tliat  depends  on 
himself;  tl^ese  causes  are,  error,  negligence,  over- 
indulgence of  free  clioice,  obstinacy  or  bad  habit,  and 
the  importunity  of  natural  ap{>etites;  which  last 
it  must  in  passing  be  remarked  belongs  to  tlie  liead 
of  pliysical  evil,  and  cannot  be  assumed  in  this  dis* 
f'Mssioii  williout  liegging  tlie  question.  Tlie  great 
diSruby  is  tlieu  stated  and  grappled  with,  namely. 
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how  to  reconcile  these  undue  elections  with  divine 
goodness.  The  objector  states  that  free  will  might 
exist  without  the  power  of  making  undue  elections^ 
by  being  suffered  to  range,  as  it  were>  only  among 
lawful  objects  of  choice.  But  the  answer  to  this  seems 
sounds  that  such  a  will  would  only  be  free  in  name ; 
it  would  be  free  to  choose  among  certain  things, 
but  would  not  be  free-will.  The  objector  again 
urges,  that  either  the  choice  is  free  and  may  fall 
upon  evil  objects,  against  the  goodness  of  God^  or 
it  is  so  restrained  as  only  to  fall  on  good  objects, 
against  freedom  of  the  will  King*s  solution  is, 
that  more  evil  would  result  from  preventing  these 
undue  elections  than  from  suffering  them,  and  so 
the  Deity  has  only  done  the  best  he  could  in  the 
circumstances;  a  solution  obviously  liable  to  the 
same  objection  as  that  respecting  Natural  Evil. 
There  are  three  ways,  says  the  archbishop,  in 
which  undue  elections  might  have  been  prevented ; 
not  creating  a  free-agent — constant  interference 
with  his  free-will — removing  him  to  another  state 
where  he  would  not  be  tempted  to  go  astray  in  his 
choice.  A  fourth  mode  may,  however,  be  sug- 
gested,— creating  a  free-agent  without  any  inclina- 
tion to   evil,   or    any  temptation    from    external 
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objects.     When  our  author  disposes  of  the  second 
method,   by  stating   that  it  assumes  a   constant 
miracle,   as  great  in  the  moral  as  altering  the 
course  of  the   planets  hourly   would  be    in   the 
material  universe,  nothing  can  bo  more  sound  or 
more  satisfactory.     But  when  he  argues  that  our 
whole  happiness  consists  in  a  consciousness  of  free- 
dom of  election,  and  that  we  should  never  know  hap- 
piness  were  we  restrained  in  any  particular,  it  seems 
wholly  inconceivable  how  he  should  have  omitted 
to  consider  the  prodigious  comfort  of  a  state  in 
which  we  should  be  guaranteed  against  any  error 
or  impropriety  of  choice ;  a  state   in   which  we 
should  both  be  unable  to  go  astray  and  always  feel 
conscious  of  that  security.     lie,  however,  begu  the 
question  most  manifestly  in  dealing  with  the  two 
other  methods  stated,  by  which  undue   elections 
might  have  been   precluded.     **  Vou  would   have 
freedom,**  says  he,  **  without  any  inclination  to  sin ; 
but  it  may  justly  be  doubted  if  this  is  possi^ 
tke  present  state  of  things,**  (ch.  v.  s.  5,  t 
and  again,  in  answering  the  question  why  < 
not  remove  us  into  another  state  where  no  ^ 
tioQ  could  seduce  us,  he  says :  'Mt  is  plain 
the  present  state  of  things  it  is  impossible 
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to  Kve  without  natural  evils  or  the  danger  of  win- 
ning."  (lb.)  Now  the  whole  question  arises  upon 
the  constitution  of  the  present  state  of  things.  If 
that  is  allowed  to  be  inevitable^  or  is  taken  as  a 
datum  in  the  discussnion^  there  ceases  to  be  any 
question  at  all. 

The  doctrine  of  a  chain  of  being  is  enlarged 
upon^  and  with  much  felicity  of  illustration.  But 
it  only  wraps  up  the  difficulty  in  other  words, 
without  solving  it.  For  then  the  question  becomes 
this — Why  did  the  Deity  create  such  a  chain  as 
could  not  be  filled  up  without  misery?  It  is, 
indeed,  merely  restating  the  fact  of  evil  existing ;  for 
whether  we  say  there  is  suffinring  among  sentient 
beings, — or  the  universe  consists  of  beings  more  or 
less  happy,  more  or  less  miserable,— or  tfiere  exists  a 
chain  of  beings  varying  in  perfection  and  in  felici^,— ^ 
it  is  manifestly  all  one  proposition.  The  remark  of 
Bayle  upon  this  view  of  the  subject  is  really  not  at 
all  unsound,  and  is  eminently  ingenious ;  ^  Would 
you  defend  a  king  who  should  confine  all  his  sub- 
jects of  a  certain  age  in  dimgeons,  upon  the  ground 
that  if  he  did  not,  many  of  the  cells  he  had  built 
must  remain  empty  T*  The  answer  of  Bishop  Law 
to  this  remark  is  by  no  means  satis&ctory.     He 
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Mjrt  it  aiiuiiief  that  more  mbery  than  happineM 
exists.  Now,  in  this  view  of  tlio  quettion,  the 
balance  i«  quite  immateriaL  The  existence  of  any 
evil  at  all  raises  the  question  as  much  as  the  pre* 
pooderanee  of  evil  over  good,  because  the  question 
conceives  a  perfectly  good  Being,  and  asks  how  such 
a  Being  can  have  permitted  any  evil  at  all.  Upon  this 
part  of  the  subject  both  King  and  Law  have  fallen 
into  an  error  which  recent  discoveries  place  in  a 
singularly  clear  light.  Tliey  say  that  the  argu- 
ment they  are  dealing  with  would  lead  to  leaving 
the  earth  to  the  brutes  without  human  inhabitants* 
Bot  the  recent  discoveries  in  Fossil  Osteology  have 
proved  that  the  earth,  fior  ages  before  the  last  5,000 
or  dfiOO  years,  was  left  to  the  lower  animals ;  nay, 
that  in  a  still  earlier  period  of  iis  existence  no  ani^ 
mal  life  at  all  was  maintained  upon  its  surface.  So 
that,  in  (act,  the  foundation  is  removed  of  the  redue» 
tio  ad  absurdum  attempted  by  the  learned  prelates* 
A  singular  argument  is  used  towards  the  latter 
end  of  the  Inquiry.  When  the  Deity,  it  is  said, 
resolved  to  create  other  beings.  He  must  of  necessity 
tolerate  imperfect  natures  in  his  handiwork,  just  ae 
he  must  the  equality  of  a  circle's  radii  when  he 
drew  a  circle*    Who  does  not  perceive  the  diflfer* 
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tiQtie  f  The  meannig  of  tbe  word  circle  is  that  the 
imiii  OTQ  ail  equal ;  this  ei|nafitjr  is  a  necessary  truth. 
But  it  m  nut  shuwa  that  men  cxnldnot  exist  without 
tiltt  LUi()««i»KQuQ»  rbusv  lahour  under.  Yet  this  is  die 
;tfattttwQt  :sus£gr!^t^  bythese  authors  while  eompUun- 
m^  ^ciu  ▼.  iw  1*  ^sifa*  r.  vhr.  7)  that  Laetantiiis  had  not 
<uilae«iiiy  aaesweraL  4ie  Epicureaa  iUh^rrrmi^ ;  it  is 
'  tiv  s^usuiuctt  >ira|BuiuidetL:ii  supply  that  ia^iurlsdefi- 
,;i««wv«^i^^  vVIwfu  .hexnon^'*  svs  the  acchhUiop^ 
'  :«MLtv«%  :ttuuuiL  wUid  iree  vrill  are  (mnatitnted,  die 
*J^«  ittutfc  aMoaahly  permit  cornipdon.  of  dnigs 

^MM  tM  «MiiiM  at*  liberty,  or  :wmething  worse;,  fiv  these 

^4iiiUM(  Im  csn^arated  without  a  contradictiQn,  and  God 

t«JM  uww  impotent  than  because  he  cannot  separate 

,,i|uality  at'  radii  from  acirck."  fCh,  ^.  3,  a.sdbswZ.) 

ff  he  could  not  havft  created  evil,  he  would  aot 

^^yti  been  omni(^f4>nf)t ;  if  he  would  not,  he  f^t 

tiK:  his   powwf   Im   UlUi-,   and  rejectnig  evil  hare 

eqectad  all  th^  jjfXKl.    ^*  Thosi  (eiuilaims  the  author 

with  triumph  and  »^lf'Cf>mplacency)  then  yanislMS 

this  HercuUftft  ft^r^ufirt^nf,  which  induced  the  %i- 

cureane  U»  diACft^rd  fh^  (((hhI  Deity,  and  the  Mani- 

chean«  f/>  ftfiUtifnU*  An  «!iril  one/'  (lb.  subs.  7.  sub 

fine).     N/*f  U  \\\fi  frxplAn^tion  rendered  more  satis- 

feetofjr,  iff  \PA\mi\  m^t^  intelligible,  bv  the  con- 


tA$itiiu%  imuiiu^it  i4  ftll,  ill  wUkh  wit  nm  U)Ul  that 
**  inmt  «  i^fuHiH  of  i¥fi$  \tro\mrim,  immiflyi  0mn\^ 

IVvtr  HiifiSfHit^  Mifiu'ubly  c/innfiiri^  l/igiHli«r^  aiid 
jr«t  r^iKmiii  mimI  Hriiii  tfUi'M  iifh«r,**  ft  mi((ht  liftv« 
Uffft  i^|M'4fti4'l  from  ti^ii'>«  Uiiit  110  ifril  liiiill  »himkl 
U  l^tA  Of  i^inU  '*  'V\mft^  in  ii  kitul  at  fkifM^n\t$ 
mifi  o^t\9imium  liHw^ri  iiivtm,  ¥/\u*rtHit  iIm  mriU  in 
iiiptMr«  iM'nr  thi{  %\im\o¥if  himI  r^tMtrribUiru'^,  H^trn 
tbrfj,  miil  iio  wli^4  ^Im9,  rriAy  w«9  fin  J  ihif  priiimry 
Mid  mtn.i  r^finin  rim  ami  origin  of  «¥il«/'  ffiii:;b  i« 
ttiM  eAiAffnuM  work ;  miwI  it  i/itty  Mn&ly  Imi  nflllrrridd 
tW  M  r#»«/rif  /'>/ffi|;l^tif  fhiliir«9  (o  (i^tttmnm  a  gr«ttt 
mill  «ilfiiiii<'<l  <li^K';Mlly,^-«  uum*.  MmnSUtM^Utty  i^/lii- 
iM/fi  </f  Mil  ilfi|/ortttltt.  '|il^tir;|i,— it»  fuH  Ui  bo  frmiui 
114  tiAi*  wboi<f  bi*»tory  of  irMHM|;byt»u;iil  •w?i«^iii5^/ 

AiiioMK  tli4f  ttiilbor«  wIm/  biiv^.  Ui*H.U*A  litiUU  nnhj^m'X 
«  bi(f^f  \Atu'iii  U  jiiMly  ^iv<^ii  fo  \ri\\u\m$'4in  Kulgiiy, 
•iti//«<'t%ork  oil  DiviiM'  ^^titif,y^^itu'A^  U  nlway**  r<ff«rr«<l 
t//  by  Or  I'fili'y  witb  ((r<'«il  votmtu*ni\Hi\(fH»  Ibit  /'.iirfafii 
If  M  tbj*i  tbin  \^MfnM  rn^A  |/ioii«  writ^ff  «$itbifr  liful 
ii#'*«'f  Uffun'A  fo  iMfiittirIf  M  v**ry  |irM;iiM5  mM/iom  of  tliii 
rrdl  'iiii^Miz/o  liiMb^r  <ii»<;ti»iiioM,  iiuini'lyJb<M{oin|!iiti* 
».ihty  of  tb«'  i«|/|*<^rurMf<**  wbirb  w«  «^«  nrwl  wbiifb 
w*  toimitUtr  tt«  <{vibwitb  u  li^'iMj;  iiifiiiitifly  p/m^^rful 
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as  well  as  good;  or  he  had  in  his  mind  some 
opinions  respecting  the  divine  nature,  opinions  of 
a  limitary  kind,  which  he  does  not  state  disttnctlj, 
although  he  constantly  suffers  them  to  influence  his 
reasonings.  IJence,  whenever  he  comes  close  to 
the  real  difficulty  he  appears  to  beg  the  question. 
A  very  few  instances  of  what  really  pervades  the 
whole  work,  will  suffice  to  show  how  unsatis&ctory 
its  general  scope  is,  although  it  contains,  like  the  trea- 
tise of  Dr.  King  and  Dr.  Law's  Commentary,  maiqr 
valuable  observations  on  the  details  of  the  subject 
And  first  we  may  perceive  that  what  he  terms 
a  ''  Previous  Remark, "  and  desires  the  reader 
*'  to  carry  abng  through  the  whole  *  proof  of 
divine  benevolence,"  really  contains  a  statement 
that  the  difficulty  is  to  be  evaded  and  not  met 
*'  An  intention  of  produdng  good  (says  he)  will  be 
sufficiently  apparent  in  any  particular  instance 
if  the  thing  considered  can  neither  be  changed 
nor  taken  away  without  loss  or  harm,  all  other 
things  continuing  the  same,\  Should  you  sup- 
pose various '\  things  in  the  system  changed  at 
once,^  you  can  neither  judge  of  the  possibiUty 

*  These  italics  are  in  ttie  origina],  and  no  doubt  they  point  our 
attention  to  the  refutation  at  once, 
t  Sic  in  orig. 
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MMT    tbi   oontequences   of  the    changes,    having 
BO  d«gr60  of  experienoe  to  direct  you/'     Now 
Biiufiedly  tbia  poftulata  makai  the  whole   quet* 
tioa  aa  aaay  a  o&e  as  erer  metaphysician  or  natu- 
rmliat  liad  to  solve.    For  it  is  no  longer — Why  did 
a  poweriul  and  benevolent  Being  create  a  world  in 
which  there  if  evil>-— but  only,— The  world  being 
given,  how  far  are  its  different  arrangements  consist- 
ent with  one  another  ?   According  to  this,  the  earth- 
quake  at   Lisbon,   Voltaire's    favourite    instance, 
destroyed  thouMands  of  persons,  because  it  is  in  the 
nature  of  things  that  subterraneous  vapours  should 
expkde,  and  that  when  houses  fall  on  human  beings 
they  should  be  killed.     Tlion  if  Dr.  Balguy  goes  to 
Us  other  argument,  on  which  ho  oflen  dwoUsi  that 
if  this  nature  were  altered,  we  cannot  possibly  tell 
whether  worse  might  not  ensue ;  this,  too,  is  assum- 
ing a  limited  power  in  the  Deity,  (lontrary  to  the 
bjrpothesis.     It  may  most  juntly  be  said,  that  if  there 
be  any  one  supjiosition  necessarily  excluded  from  tlie 
whole  argument,  it  is  the  fundamental  suppoMiiion 
of  the"  Previous  Ilemark/'  namely,"  all  other  things 
continuing  tlie  same/' 

But    see    how    this   assumption    pervadcH   and 
paralyzes  the  whole  argument,  rendering  it  utterly 
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inconclusive.     The  author  is  to  answer  an  objection 
derived  from  the  constitution  of  our  appetites  for  food, 
and  his  reply  is,  that  "  we  cannot  tell  how  far  it  was 
possible*  for  the  stomachs  and  palates  of  animals  to 
be  differently  formed,  unless  by  some  remedy  worse 
than  the  disease."  |     Again,  upon  the  question  of 
pain :  "  How  do  we  know  that  it  was  possible* 
for   the  uneasy  sensation  to  be  confined  to  par- 
ticular  cases.";];     So  we  meet  the  same   fallacy 
under  another  form,   as  evil  being  the  result  of 
'^  general    principles."      But    no    one    has    ever, 
pushed  this   so  far  as  Dr.  Balguy,  for  he   says, 
''  that  in  a  government  so  conducted  many  events 
are   likely  to  happen   contrary  to    the  intention 
of  its  author."§      He   now   calls   in  the    aid  of 
chance,  or  accident — "  It  is  probable,"  he   says, 
"  that  God  should  be  good,  for  evil  is  more  likely  to 
be   accidental*  than  appears  from  experience  in^ 
the  conduct  of  men."||   Indeed  his  fundamental  posi« 
tion  of  the  Deity's  benevolence  is  rested  upon  this 
foundation,  that  "pleasures  only*  were  intended,  and 
that  the  pains  are  accidental  consequences  although 
the  means  of  producing  pleasures.'*^    The  same 

*  Sic  in  orig.  t  P.  34.  ♦  P.  38.  §  P.  29. 

II  P.  21.  f  P.  19. 
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iteoiirw  to  Eeeident  if  repeatedly  had*  Tliu«, 
*  dM  ormU  to  which  we  are  exposed  in  this  imper- 
iwt  elate  appear  to  be  the  aeeidentaV^  not  natural 
of  our  frame  and  condition/*f  Now  can  any 
thing  be  more  manifeet  than  that  the  very  fint 
EoCaoo  of  a  wise  and  powerful  Being  excludcn  all 
iuch  aaaumptions  a«  things  happening  contrary  to  lib 
intention ;  and  that  when  we  use  the  word  chance 
or  accident,  which  only  means  our  human  igno* 
ftaco  of  causes,  we  at  once  give  up  the  whole 
qveelion,  as  if  we  said,  **  It  is  a  subject  al^out  which 
we  know  nothing/*  So  again  as  to  power*  *'  A  good 
design  is  more  difficult^  to  be  executed,  and  there- 
fiwe  more  likely  to  be  executed  imperfectly,^  than  an 
evil  one,  i,  e.,  with  a  mixture  of  effects  foreign  to 
the  design  and  opposite  to  it.*';^  Tliis  at  once 
assumes  the  Deity  to  be  powerless.  Bui  a  gem^ral 
statement  is  afterwards  made  more  distinctly  to  the 
same  eflTert.  **  Most  sure  it  is  that  he  can  do  all 
things  possible*  But  are  we  in  any  degree  crompe- 
trnt  judges  of  the  bounds  of  possibility.'*§  So  again 
under  another  form  nature  is  introduced  an  some* 
thing  different  from  its  author,  and  offering  Titnits 
to  bis  power.     "  It  is  plainly  not  the  methwl  of 

•  HU  9f\%.  t  P-  HX  \  V.  23.  (  P.  100. 

VOt.  II.  D 
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nature  to  obtain  her  ends  instantaneously."*  Paiss- 
ing  over  such  propositions  as  that  '*  useles^-f  evil  is 
a  thing  never  seen''  (when  the  whole  question  is 
why  the  same  ends  were  not  attained  without 
evil)^  and  a  variety  of  other  subordinate  assump- 
tions contrary  to  the  hypothesis,  we  may  rest  with 
this  general  statement,  which  almost  every  page  of 
Dr.  Balguy's  book  bears  out^  that  the  question 
which  he  has  set  himself  to  solve  is  anything  rather 
than  the  real  one  touching  the  Origin  of  Evil ;  and 
that  this  attempt  at  a  solution  is  as  ineffectual  as 
any  of  those  which  we  have  been  considering. 

Is  then  the  question  wholly  incapable  of  solution, 
which  all  these  learned  and  ingenious  men  have  so 
entirely  failed  in  solving?  Must  the  difficulty 
remain  for  ever  unsurmounted,  and  only  be  ap- 
proached to  discover  that  it  is  insuperable  ?  Must 
the  subject,  of  all  others  the  most  interesting  for  us 
to  know  well,  be  to  us  always  as  a  sealed  book,  of 
which  we  can  never  know  anything?  From  the 
nature  of  the  thing — from  the  question  relating  to 
the  operation  of  a  power  which,  to  our  limited  facul- 
ties, must  ever  be  incomprehensible — there  seems 
too  much  reason  for  believing  that  nothing  precise  or 

•  P.  112.  tSicoriiC. 
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MtMiaetoiy  erer  will  be  attained  by  human  reason 
regardiiig  this  great  argument ;  and  that  the  bounds 
which  Kmit  our  view  will  only  be  passed  when  we 
have  quitted  the  encumbrances  of  our  mortal  state, 
iod  are  permitted  to  survey  those  regions  beyond  the 
ipbere  of  our  present  circumscribed  exirtenoe.  The 
other  branch  of  Natural  Theology,  that  which  inves- 
tigates the  evidences  of  Intelligence  and  Design,  and 
kads  US  to  a  clear  apprehension  of  the  Deity's  power 
tnd  wisdom,  is  as  satisfactorily  cultivated  as  any 
other  department  of  science,  rests  upon  the  same 
ipeciea  of  proof,  and  affords  results  as  precise  as  they 
are  sublime.  This  branch  will  never  be  dbtinctly 
known,  and  will  always  so  disappoint  the  inquirer 
as  to  render  the  lights  of  Revelation  peculiarly  ac- 
ceptable, although  even  those  lights  leave  much  of 
it  still  involved  in  darkness — still  mysterious  and 

obscure. 

Yet  let  us  endeavour  to  suggest  some  possible 
explication,  while  we  admit  that  nothing  certain, 
nothing  entirely  satisfactory  can  be  reached.  The 
fiiilure  of  the  great  writers  whose  works  we  have 
been  contemplating  may  well  teach  us  humility, 
make  us  distrust  ourselves,  and  moderate  witliin  us 
any  sanguine  hopes  of  success.  But  they  should  not 
make  us  wholly  despair  of  at  least  showing  in  what 
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direction  the  solution  of  the  difficulty  is  tobe  sought, 
and  whereabouts  it  will  probably  be  found  situated, 
when  our  feeble  reason  shall  be  strengthened  and 
expanded.  For  one  cause  of  their  discomfiture 
certainly  has  been  their  aiming  too  high^  attempt-* 
ing  a  complete  solution  of  a  problem  which  only 
admitted  of  approximation,  and  discussion  of  limits.'*' 
It  is  admitted  on  all  hands  that  the  demonstra- 
tion is  complete  which  shows  the  existence  of  intel- 
ligence and  design  in  the  universe.  The  structure 
of  the  eye  and  ear  in  exact  conformity  to  the  laws 
of  optics  and  acoustics,  shows  as  clearly  as  any 
experiment  can  show  anything,  that  the  source, 
cause,  or  origin  is  common  both  to  the  properties 
of  light  and  the  formation  of  the  lenses  and  retina 
in  the  eye — ^both  to  the  properties  of  sound  and  the 
tympanum,  malleus,  incus,  and  stapes  of  the  ear. 
No  doubt  whatever  can  exist  upon  this  subject,  any 
more  than,  if  we  saw  a  particular  order  issued  to  a 
body  of  men  to  perform  certain  uncommon  evolu- 
tions, and  afterwards  saw  the  same  body  perform- 
ing those  same  evolutions,  we  could  doubt  their 
having  received  the  order.     A  designing  and  intel- 

•  An  inquiry  or  discussion  of  limits,  or  a  limitary  inTestigation 
in  mathematics,  is  where  we  seek  to  know  within  what  limits  a 
solution  must  be  found,  as  it  were,  whereabouts. 
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fifnit  mud  skilful  muthor  of  these  admirably  adapted 
works  Is  squally  a  clear  inference  from  the  same 
diets.     We  can  no  more  doubt  it  than  we  can 
question,  when  we  see  a  mill  grinding  com  into 
flour,  that  the  machinery  was  made  by  some  one 
who  designed  by  means  of  it  to  prepare  the  materials 
of  bread.    The  same  oonclusion«i  are  drawn  in  a 
rast  variety  of  other  instances,  botli  with  respect  to 
the  parts  of  human  and  other  bodies,  and  with 
respect  to  most  of  the  other  arrangements  of  nature. 
Similar  conclusions  are  also  drawn  from  our  con- 
sciousness, and  the  knowledge  which  it  gives  us  of 
the  structure  of  the  mind.     Thus  wo   find   that 
attentbo  quickens  memory  and  enables  us  to  re- 
eollecl;  and  that  habit  renders  all  exertions  and 
all  acquisitions  easy>  beside   having   the  eflfect  of 
alleviating  pain. 

But  when  we  carry  our  survey  into  other  parts, 
whether  of  the  natural  or  moral  Hysteni,  we 
cannot  discover  any  design  at  all.  Wo  frequently 
pereeive  structures  the  use  of  which  wo  know 
nothing  about;  parts  of  the  animal  frame  that  ap- 
parently have  no  functions  to  perrorm — nay  tliat  aro 
Uie  source  of  pain  without  yielding  any  percep- 
tible advantage ;  arrangements  and  niovementH  of 
bodies  which  are  of  one  particular  kind^  and  yet  we 


54  THE  ORIGIN  OF   EVIU 

are  quite  at  a  loss  to  discern  any  reason  why  they 
might  not  have  been  of  many  other  descriptions ; 
operations  of  nature  that  seem  to  serve  no  pur- 
pose whatever;  and  other  operations  and  other 
arrangements,  chosen  equally  without  any  beneficial 
riewy  and  yet  which  often  give  rise  to  much  appa- 
rent confusion  and  mischief.  Now,  the  question  iSf 
first,  whether  in  any  one  of  these  cases  of  arrange- 
ment and  structures  with  no  visible  object  at  all, 
we  can  for  a  moment  suppose  that  there  really  b 
no  object  answered,  or  only  conceive  that  we  have 
been  unable  to  discover  it  ?  Secondly y  whether  in 
the  cases  where  mischief  sometimes  is  perceived, 
and  no  other  purpose  appears  to  be  effected,  we  do 
not  almost  as  uniformly  lay  the  blame  on  our  own 
ignorance,  and  conclude,  not  that  the  arrangement 
was  made  without  any  design,  and  that  mischief 
arises  without  any  contriver,  but  that  if  we  knew 
the  whole  case  we  should  find  a  design  and  con- 
trivance, and  also  that  the  apparent  mischief 
would  sink  into  the  general  good  ?  It  is  not  neces- 
sary to  admit,  for  our  present  purpose,  this  latter 
proposition,  though  it  brings  us  closer  to  Ihe  matter 
in  hand ;  it  is  sufficient  for  the  present  to  admit, 
what  no  one  doubts,  that  when  a  part  of  the  body, 
for  instance,  is  discovered,  to  which,  like  the  spleen^ 
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we  eaimoC  mtsign  any  function  in  the  animal  nyt- 
vtm,  we  never  think  of  concluding  that  it  is  made 
br  no  uae^  but  only  that  we  hare  an  yH  not  been 
iUe  to  diacorer  ita  uae. 

Now  Ik  ua  aak,  why  do  we  arrive,  and  without 
•ny  beeitjalion  wbaterer,  or  any  cxcqition  whate^-er^ 
alwaya  and  immediately  arrive,  at  thin  conchuiion 
reapretiDif  intelligence  and  design?  Nothing  could 
be  more  unphiloaophical,  nay  more  groutidleati, 
than  auch  a  procaw  of  rraaoning,  if  we  liad  only 
l.«'eo  able  to  trace  denign  in  one  or  two  instancea ; 
fer  instanoe,  if  we  found  only  the  eye  to  ahow  proofa 
of  cofitriTaoce,  it  would  be  wliolly  gratuitous,  wlien 
wr  aaw  the  ear,  to  aaaume  that  it  waa  ai(la|it«d 
to  the  nature  of  itound,  and  nlill  more  no,  if,  <m 
examination,  we  perc«*ived  it  bore  no  (M^rcciitible  re- 
lation to  the  lawa  of  acouKticH.  l*h<»  pnxif  of  a>n- 
triirance  in  one  particular  in  nothing  like  a  pro^if, 
nay  does  not  e^'en  fumi«h  the  leant  prenumption  of 
euntrivanoe  in  other  particularK ;  UTaufie,  a  priori, 
h  ia  juat  aa  eany  to  sup|KMe  out*  |mrt  of  nature  to 
be  deaigned  for  a  puqKMe,  and  another  part,  nay 
all  <4lirr  parta,  to  Ih*  formed  at  random  and  without 
any  r<ititrivancc,  aa  to  nuppoHe  that  tin?  fornialion  of 
the  wlK>le  ia  go%'erned  by  df^nign.  Why,  then,  do 
we,  ioTariably  and  undoubtiiigly ,  ado{)t  the  cotinic  of 
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wtainming  niui  iae^  %««m  menUooed^  and  never  for 
sasftesi  Mcv&m^  to  be  formed  without 
ttBt'-^inmt  saduaol  purpose?  The  only 
irrninui  0:  -but  inaEiBr  3^.  ihat  we  have  been  able 
jar  Ti>  iswxt  JjtBskgXL  in  so  vast  a  majority  of 
tti^  j!>avf»  uf  30)  foiBiner  of  doubting  that,  if  our 

iiinikH»  iuul  iwsm  ioAcinitly  powerful,  or  our  in- 
^fsti^nEOuir.  iuJ&cisiiLlT  dligent,  we  should  ako 
hnvr  iiMsi  lihle  !»  trm»  k  in  those  comparatively 
irw  insuainsi  Tes^pKSta^  which  we  still  are  in  the 

}}  nunr  W  w«rdi  whik  to  give  a  few  instances  of  the 

i^nnmuv'  in  miadk  wt  once  were  of  design  in  some 

iiiigtftrufiA  «mui^;«ments  of  nature,  and  of  the  know- 

!kn%(r  i«)ttdlk  w^  now  possess  to  show  the  purpose  of 

idH4«r  jinnKuaiMu    Bi^ftwv  Sir  Isaac  Newton's  optical 

«jiiwy«(Wk«  w^  csMtM  mvi  tell  why  the  structure  of 

ybf  t^jV"  mMi^  «i>  AMMpte\.  and  why  several  lenses  and 

)v«M«'^M«  ^V't^^  7VH)uiw<il  10  form  a  picture  of  objects 

^(^fiMft  tW  iv^iuAs  liKl^e^t  until  DoUand's  subsequent 

«4i^*VA;y^-   <0)f  iW  tt«^)noau»tic  effect  of  combining 

XiM^)^^^  ^Ui;^'^^^  «ud  Mn  Blair*s  still  more  recent 

^^fl^)NMM^«  <iM^  U^  |VD»\Yers  of  different  refracting 

x^vt^  U\^  Able  distinctly  to  perceive  the 

^Hk)  ^^^  ^^^  )W  complicacy  in  the  structure 

^V«  iMkvr  w^H  understand  its  nature,  and 
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m  able  to  comprehend  how  that  which  had  at  one 
tim^,  nay  for  agcrt,  fM)(»mcd  to  be  an  unncccH»ary  com- 
plexity, formal  the  mo»t  perfect  of  all  optical  iimfru- 
mentrf,  and  according  to  the  moHt  certain  lawn  of 
nrfraction  and  of  dinperHion. 

So,  too,  we  Iiml  ol)»erved  for  Home  centurion  the 
fcrmt  of  the  orbitM  in  which  the  heavenly  bodies 
move,  and  we  had  found  thcHo  to  b($  ellipnen  with 
i  very  nmall  eccentricity.     Hut  why  thin  wan  the 
form  of  thoHe  orljitn  no  one  could  even  conjecture* 
If  any  penton,  the  mont  deeply  Mkilled  in  mathe- 
matical Ncience,  and  the  mont  internally  convinced 
of  the  univerM;d  prevalence  of  d<»Kign  and  contrivan<M> 
in  the  nintcium  of  the  univerne,   had  been  anked 
what  reoHon   there  wan  for  the  planetn  moving  in 
ellif.fieii  no  nearly  approaching  to  circlcM,  h<;  could  not 
have  given  any  good  reaMon,  at  h^ant  beyond  a  guenn. 
TTie  force  of  gravitation,  even  admitting  that  to  bo 
an  it  w«*re  a  condition  of  the  creatitjn  of  matter^ 
wi/idd  have  nuide  thoHe  b<idieM  n'volve  in  ellipK<;H 
of  any  d^'gree  of  eccentricity  juMt  nn  well,  provided 
the  angle  and  the  force  of  projection  had  b<*<'n  varied. 
Then  why   wan  thin  form   ratlufr  than   any  other 
rh'/nin?     No  one  knew;  yet  no  one  doubted  that 
tl»ere  waa  ample  reanon  for  it.     Accordingly  the 

v'i 
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sublime  discoveries  of  Lagrange  and  La  Place  ha 
shown  us  that  this  small  eccentricity  is  one  material 
element  in  the  formula  by  which  it  is  shown  that 
all  the  irregularities  of  the  system  are  periodical, 
and  that  the  deviation  never  can  exceed  a  certain 
amount  on  either  hand. 

But,  again,  while  we  were  ignorant  of  this,  per- 
haps the  most  sublime  truth  in  all  science,  we  were 
alwavs  arguing  as  if  the  system  had  an  imperfec- 
tion, as  if  the  disturbing  forces  of  the  different 
planets  and  the  sun,  acting  on  one  another,  con- 
stantly changed  the  orbits  of  each  planet,  and  must, 
in  a  course  of  ages,  work  the  destruction  of  the  whole 
planetary  arrangement  which  we  had  contemplated 
with  so  great  admiration  and  with  awe.  It  was 
de(*med  enough  if  we  could  show  that  this  derange- 
ment must  be  extremely  slow,  and  that,  therefore, 
the  system  might  last  for  many  more  ages  without 
requiring  an  interposition  of  omnipotent  skill  to 
preserve  it  by  rectifying  its  motions.  Thus  one  of 
the  most  celebrated  writers  above  cited  argues 
ihat,  "  from  the  nature  of  gravitation  and  the  concen- 
tricity of  the  orbits,  the  irregularities  produced  are 
so  slowly  operated  in  contracting,  dilating,  and  in- 
clining those  orbits,  that  the  system  may  go  on  for 


TJIK  ORfr;i.\  OK  KVJL.  59 

fl»ny  ffhouiiand  yean*  before  any  extraordinary  ifif  i^r- 

lmic«  beeomew  neccwwry  in  order  to  r^orreet  it,*** 

And  Dr.  Burnet  add»^  that  ''  thoMe  nmeM  irregu- 

kriti«f  cant  no  discredit  on  the  i;(ood  contrivance 

of  fhe  whole/*t      Nothing,  however,   could   cnnt 

pater  diMcredit  if  it  were  an  he  nuppomid,  and  an 

ill  men  previous  to  tlie  late  dincoverieK  HupjKiHifd  ; 

k  was  only,  tliey  rather  think,  a  ''Mnall  irnfgu- 

larity,**  which  waa  every  hour  tending  to  the  de* 

Hmelion  of  tlie   whoh;  fiyntem,  and  whicli   mu«t 

bafe  deranged  or  confound^^i  iu  whole  structure 

loog  before  it  deatroyed  it.     Yet  now  we  m^e  that 

tli«  wi«kmi,  to  which  a  thouaand  yeara  are  aa  one 

day,  not  aatiafied  with  conatructing  a  fabric  which 

Blight  laat  for  ''many  thouaand  yeara  without  Ilia 

interference,"   haa  ao  formed   it  that  it  triiiy  thua 

•tvlure  ior  ever  J 

Now,  if  audi  be  the  grouuda  of  our  belief  in  tlie 
urii^i'mal  prevalence  of  I  ^eaign,  and  Huch  the  difllerent 
li((ht»  which  at  different  iK'rioda  of  our  progrcaa  in 
vMitwAi  we  |)oaaeHM  upon  ihia  great  branch  of  the 

f  111,  p.  IHI, 

;  If  thii  nrtunlaitioii  of  V.ttr\ui*»  etmnsi,  m  oihirr  fartti,  iboulfl 
Uv\  t'#  t)m  \nt\'t9fu(  ((«*n«r«il  dfriiiiffHinefit  from  an  Kt)i«r,  who  will 
miw  l#r  twM  rnr/iigh  tu  tUnthi  that  ftirthir  (li»c(rv«ry  may  ihow 
lK«  A'ljtjtf ffi«tit  of  tht»  aliK;  f 
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divine  goverament ;  if  we  undoubtingly  believe  that 
contrivance  is  universal  only  because  we  can  trace 
and  comprehend  it  in  a  great  majority  of  instances, 
and  if  the  number  of  exceptions  to  the  rule  is  occa* 
sionally  diminished  as  our  knowledge  of  the  parti- 
culars is  from  time  to  time  extended — may  we  not 
apply  the  same  principle  to  the  apprehension  of 
Benevolent  purpose^  and  infer  from  the  number  of 
instances  in  wliich  we  plainly  perceive  a  good  in* 
tention,  that  if  we  were  better  acquainted  with  those 
cases  in  which  a  contrary  intention  is  now  apparent, 
we  should  there  too  find  the  generally  pervading 
character  of  Benevolence  to  prevail  ?  Not  only  is 
this  the  manner  in  which  we  reason  respecting  the 
Design  of  the  Creator  from  examining  his  works ; 
it  is  the  manner  in  which  we  treat  the  conduct  of 
our  fellow-creatures.  A  man  of  the  most  extensive 
benevolence  and  strictest  integrity  in  his  general 
deportment  has  done  something  equivocal;  nay, 
something  apparently  harsh  and  cruel ;  we  are  slow 
to  condemn  him;  we  give  him  credit  for  acting 
with  a  good  motive  and  for  a  righteous  purpose ; 
we  rest  satisfied  that  "  if  we  only  knew  everything, 
he  would  come  out  blameless."  This  arises  from  a 
just  and  a  sound  view  of  human  character,  and  its 
general  consistency  with  itself.    The  same  reasoning 


I 
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nay  surely  be  applied,  with  all  humility  and 
mrerence,  to  tlie  works  and  the  intentions  of  the 
great  Being  who  has  implanted  in  our  mind  the 
prinriplcs  which  lead  to  that  just  and  sound  view  of 
the  deeds  and  motives  of  men. 

But  let  the  argument  be  rested  upon  our  course 
of  reasoning  respecting  divine  contrivance.  The 
existence  of  Evil  is  in  no  case  more  apparent  than 
the  existence  of  Disorder  seems  to  be  in  many 
things.  To  go  no  further  than  the  last  example 
which  has  been  given — the  mathematician  could 
perceive  the  derangement  in  ttie  planetary  orbits, 
eould  demonstrate  tliat  it  must  ensue  from  the 
mutual  action  of  the  heavenly  bodies  on  each  other, 
could  calculate  its  progress  with  the  utmost  exact- 
new,  could  tell  with  all  nicety  how  much  it  would 
alUf  the  forms  of  the  orbits  in  a  given  time,  could 
foresee  the  time  when  tlie  whole  HyKtcm  mu6t  be 
irretrievably  destroyed  by  its  operation  as  a  mathe- 
matical c<.*rluinty.  Nothing  that  we  call  evil  can 
be  much  more  certainly  perceived  than  ttiis  de- 
rangement, of  itself  an  evil,  certuiiily  a  great  itiiper- 
fection,  if  the  Hyhteni  was  obHiTvcd  by  the  mind  of 
man  as  we  regard  human  works.  Vet  we  now 
find,  from  well  considering  some  things  which  had 
escaijed  attention,  that  the  system  is  absolutely  free 
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from  derangement ;  that  all  the  disturbances  coun* 
terbalance  each  other ;  and  that  the  orbits  never 
can  either  be  flattened  or  bulged  out  beyond  a 
deBnite  and  a  very  inconsiderable  quantity.  Can 
any  one  doubt  that  there  is  also  a  reason  for  even 
this  small  and  limited^  this  regular  and  temporary, 
derangement  ?  Why  it  exists  at  all^  or  in  any  tin 
least  degree^  we  as  yet  know  not.  But  who  will 
presume  to  doubt  that  it  has  a  reason  which  would 
at  once  satisfy  our  minds  were  it  known  to  us? 
Nay,  who  will  affirm  that  the  discovery  of  it  may 
not  yet  be  in  reserve  for  some  later>  and  happier 
age  ?  Then  are  we  not  entitled  to  apply  the  same 
reasoning  to  what  at  present  appears  Evil  in  a  system 
of  which,  after  all  we  know  of  it,  so  much  still 
remains  concealed  from  our  view  ? 

The  mere  act  of  creation  in  a  Being  of  wisdom 
so  admirable  and  power  so  vast,  seems  to  make  it 
extremely  probable  that  perfect  goodness  accom* 
panics  the  exertion  of  his  perfect  skill.  There  is 
something  so  repugnant  to  all  our  feelings,  but  also 
to  all  the  conceptions  of  our  reason,  in  the  suppo- 
sition of  such  a  Being  desiring  the  misery,  for  its 
own  sake,  of  the  beings  whom  he  voluntarily  called 
into  existence  and  endowed  with  a  sentient  nature 
that  the  mind  naturally  and  irresistibly  recoils  from 


] 
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turh  at  thoii|;ht.  Kiit  thi«  in  not  alL  irtbi»  nature 
of  thai  grrat  f)«nnf|;  wciv  evil,  Hin  fxmer  baing  tin* 
htMwM,  ihtfTii  would  l>«  Nome  pro|)ortkm  between 
tb^  amount  of  ilk  and  the  monument h  of  that  powc*n 
yet  w«»  are  ^nick  dumb  with  the  immen«tty  of  Ilia 
vorkit  to  which  no  iroperfertion  can  l>e  ancribed,  and 
in  wbirb  no  evil  can  be  traced ;  while  tlie  amount 
of  mHMrhief  that  we  see  might  tiink  into  a  nuwt 
ifwilptficant  upace, and  iMfuch  ana  beinf[;of  moul  in- 
eon»id«*rabl«*  (xiwer  and  very  limited  nkill  could  easily 
bav^  acconipliMhed.  Jliia  in  not  the  aame  con* 
ftiderai  ion  with  the  balance  of  good  against  evil ;  and 
inc|uirer«  do  not  «e<*m  to  have  auflScietttly  attended 
to  it  The*  argimumt,  liowever,  demmreM  much  attcn- 
tam,  for  it  in  purely  and  Ntrictly  inductive.  'J*he 
iUsiii*'  ii:itur(?  in  itliown  to  \Hi  clothed  with  |>rodi{{iou« 
|iowi'r  and  inromparabl»  wiiwloni  and  Akill« — |>ow<;r 
atul  itkill  Mi  viiHt  and  »o  cxcec'diu^  our  cotfijire- 
ki'tinioii:  thiit  w(f  ordinarily  term  them  iiifiniUf,  and 
jir«*  only  iurliiu'd  to  conceive  ttu;  {KMMhility  oi'  limit' 
kit'j^,  \ty  iUti  course  of  the  urguruetit  u{ioii  c^vil,  out* 
4i'<'rri;itivc  of  which  in  aHWinicd  Ut  nxhu'.  an  ffxcqi- 
t.M.*     i^it  ailiuitting,  on  acc^iunt  of  iht;  ^uttHtion 

•  'turn  diUmm*  «f  lh«  KpieureAMU,  "Ant  vuUvt  uvii  i»uUeni 
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under  discussion,  that  we  have  only  a  right  to  say 
the  power  and  skill  are  prodigiously  great,  though 
possibly  not  boundless,  they  are  plainly  shown  in 
the  phenomena  of  the  universe  to  be  the  attributes 
of  a  Being,  who,  if  evil-disposed,  could  have  made 
the  monuments  of  III  upon  a  scale  resembling  those 
of  Power  and  Skill ;  so  that  if  those  things  which 
seem  to  us  Evil  be  really  the  result  of  a  mischievous 
design  in  such  a  Being,  we  cannot  comprehend  why 
they  are  upon  so  entirely  different  a  scale.  This  is 
a  strong  presumption  from  the  facts  that  we  are 
wrong  in  imputing  those  appearances  to  such  a 
disposition.  If  so,  what  seems  evil  must  needs  be 
capable  of  some  other  explanation^  consistent  with 
divine  goodness, — that  is  to  say,  would  not  prove 
to  be  evil  at  all,  if  we  knew  the  whole  of  those  facts. 
But  it  is  necessary  to  proceed  a  step  further, 
especially  with  a  view  to  the  fundamental  position 
now  contended  for,  the  extending  to  the  question  of 
Benevolence  the  same  principles  which  we  apply  to 
that  of  Intelligence.  The  Evil  which  exists,  or  that 
which  we  suppose  to  be  Evil,  not  only  is  of  a  kind 
and  a  magnitude  requiring  inconceivably  less  power 
and  less  skill  than  the  admitted  good  of  the  creation 
— it  also  bears  a  very  small  proportion  in  amount ; 
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quite  as  imall  a  proportion  as  the  cases  of  unknown 
or  undiscorerable  design  bear  to  those  of  acknow- 
kdfed  and  proved  contrivance.  Generally  speaking, 
the  pKserration   and  the    happiness  of  sensitive 
crralures  appears  to  be  the  great  object  of  creative 
eiertioD  and  conservative  providence.    The  expand- 
ing of  our  (acuUieSi  both  bodily  and  mental^  is 
accompanied  with  pleasure;  tlie  exercise  of  tliose 
powers  is  almost  always  attended  with  gratifica* 
tiou ;  all  labour  so  acts  as  to  make  rest  peculiarly 
d^rlkrious;  much  of  labour  is  enjoyment;  the  gratifi- 
cation of  those  ai^>etites  by  whicli  both  tlie  indi- 
ridual  is  preserved  and  the  race  is  continued,  is 
highly  pleasurable   to  all  animals;   and  it   must 
be  observed   tlial   iiustead  of   being   attracted  by 
grateful  sensations  to  do  anything  requisite  for  our 
good  or  even  our  existence,  we  might  have  been  just 
a«  certainly  urged  by  the  feeling  of  pain,  or  the  dread 
of  it,  which  is  a  kind  of  suffering  in  itself.     Nature, 
then,  resembles  tiie   lawgiver  who,  to  make   his 
subjects  obey,  should  prefer  holding  out  rewards  for 
compliance  with  his  commands  ratlier  than  denounce 
puuidiimenU  fcr  disobedience.     But  nature  is  yet 
njore  kind  ;  she  is  gratuitously  kind ;  slie  not  only 
l/fefers  iiiducement  to  tlireat  or  compulsion,  but  slie 
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«Xfi»  aoTP  Traoncsoxun  :iiaa  'vas-  .*'.-.-'!««  "o 
:»  jJDeT  OFT  ^ails.     Soir  vetl  au<gn  lil  ^si 
jare^xzsced  ami  levfi  mmiraeu.  TOou^a 
3or  bom  tnizirr    :n  ?fir?iis^    jr  "iie 
iurug    *'<'iip«4fiintr  in  sunmar:  3au.  ttK  ^ii 
-je?s  "siameilea  'srhii  jower*^  ahi  4ie 
WTTh  *Ttfrmme&^     Huw   TMculess-  ibr  "he 

ii  'txuEe  Tihs  ienre  some  jther  purwi»e>  awr 

11  *iiaE  ^rpoR?  :Ta»  ihe  i^rtrarum  tii'  our  n 

xamed  'is  ra  be  su«]ch«!U  or  evjibni  bv  rbmr 

^•J  3e^  pwiwve  E^esiijTT.  ^••-•aitw  wtr  mttit 

"XBtL     Bur  vi;  dr  ~he  same  "rne  ^jtgrt'mvt?  ITnmiiiitMr 

Dea^.  btiinuise  ve  ::t>r.*viv;;  ^[rscuicuus-  ami  mhw^ 

ong^ionr  enrovmenc  b^scuwevL     Xtttii^  :o^  :Mir  tfar 

riieirbirrh.  Tbem«jcfaji*r*saistiiic7i:^iiMiciaiini>( 
die  means  ai  securiiur  and  prvvuliiw  tur  b^r  ¥ 
rhaa  her  ^r^dncttciufi  in  the  act  ^"  anueniadl  cw^  ii 
2??3r  ami  is  also  !ie«dle^  rV>r  makioi;  thHr  ycf&cqt 
^haz  dray.     The  j^^ve  is  loc  muBtik*  vmcqI  Jhtras 

or  "he  harcfain^  or'  e^jsc  ^  tor  n  it  w^jiv  as  5*itt  9^  cih» 
grave,  or  w«re  liiled  wirb  the  mo:$t  Jiiift>Kx&ttK  <r»iifc* 


W*j    ffjdf  jr.  Wii   «'<»)'('  wjiIj  iivhi'.'ij  iiijurJf'^  ;jri'  ivi/i(^«ii<f.(J 
t^  %*ii«««  ^i.*^  l/«>-ii  ««yl|v<l)y  ryjji<Hli«*i;/.y /////////■/////;/•, 

krfii.i-.'j  ''^  .-wjyjjy  Uj«'  j^ijj;,  or  a  lliiit  j.s  J*??!-.  wi<J<',  a. 
if;¥''>f  'i-r.*,-  |/J.j' «',.  iiJj'l  Ui«'  v'ij'l  i?  j>'jj/jJi<'l.     N'*y, 

Uim^^ji.  */l   .i   lifW  fjMi;^<^   l/y  wljJ<-|j  tiji;  iriJIiii'  UiliiiltfhH 

iums  ♦>#■  i*«/  jii*. «/ii  v«ni«'iii  jy,  Ui'/»iji?h  )«•  ^  j;«^ii«'"ljy,  |/<T- 
«*  |/'*/»  .'it  'J  !'/>  lyv  iij'  Mij>.«  <J  iij;|/<-til4- ;  bul  U>*:m^  ife  li«i<; 

U^    »*jH*-|Jlj;,'.r  'j\    U«i-    iilfJ«■^»•.        i/j   lljt;  i**fntfiuy    ot 

li^  ifiiii^i  j<  is  ^'ht■  i-min  i'hiH'^.  All  «/tii  4rx<'iijon» 
iir«;  i^jiii*jlijt»-«l  l/y  *  ttnoi-.i^y,  hiifi  i1j<'  ^iijiili<^iii'/fj  i^ 
r&if A-iii*-  of  ^.I'j.-rl^iKj^  P.  J$u^  ii  i/ji;/li»  li»i\<  U'«'i/ 
MAtrfMia*'  'it*U'tifi,  aimi  Y/itilK  |^JJlilul  Ict-jjli^'  $n\'^\i^ 
L«%r  4h'*"|j    |i«4i<le   l|j«'  i/jjly  j-»iiii«ili<ij<    tv  tjii;  i^'  <jiji^i 

%ifm  *A  4'.i«//»l»'<l/<-.    '^'Z;  ih»-  'Ij'Hi/j  </1  n</v«  liy  i.'»|/i<; 
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verbial ;  but  it  might  have  been  the  unceasing  cauie 
of  the  most  imiiiful  alarms.  Habit  renders  ererjr 
thing  ea»y ;  but  the  repetition  might  have  only  in* 
creased  the  annoyance*  The  loss  of  one  organ 
makes  the  others  more  acute.  But  the  partial 
injury  might  liave  caused,  as  it  were,  a  general 
paralysis.  'Tis  thus  that  Paley  is  well  justified 
in  exclaiming,  **  It  is  a  happy  world  after  all  T' 
The  pains  and  the  sufferings,  bodily  and  mental, 
to  which  we  are  exposed,  if  they  do  not  sink  into 
nothing,  at  least  retreat  within  comparatively  narrow 
bounds;  tlie  ills  are  hardly  seen  when  we  survey 
tlie  great  and  splendid  picture  of  worldly  enjoyment 
or  ease. 

But  the  existence  of  conHiderable  misery  is  undo" 
niable;  and  the  question  is,  of  course,  confined  to 
that.  Its  exaggeration,  in  the  ordinary  estimate  both 
of  the  vulgar  and  of  sceptical  reasonors,  is  equally 
certain.  Paley,  Bishop  Sumner,  as  well  as  Derham, 
King,  Kay,  and  others  of  the  older  writers,  have  made 
many  judicious  and  generally  correct  observations 
upon  its  amount,  and  they,  as  well  as  some  of  the  able 
and  learned  authors  of  the  Bridgewater  Treatisei, 
have  done  much  in  establishing  deductions  necessary 
to  be  made,  in  order  that  we  may  arrive  at  the  true 


'timi  mmy  ihUmn,  ^ppf^tmiy  unmlm^A 

fiiMdif  U/rnHMtd,  U  iim  Mr  r^mili  of  iMr  tr^ll' 
tmim  Uilmm$  ^  m4  iit^,  uUiumt^  imyihlnif  ruiht^ 

lAiw  m  ^i  f*$nimr  pr*f¥ihff  iii4  mrnUfffy  Mw^^n 
ilk  tHPM^  *d  i\m  w%mf^mi  %f^\  ilMii  %\\Hn\  IM^^n  ( 
mA  j#  1^^^%  Wi%mk  llMi  i»ll  n^^y  \Hm\\Ay  tn  S^mA 
\mw1dkm9  u^  im  ifiMMt^  4i#  ^#ryihit«(;  will  iM#iiMly 

mM  fHtp^^f^,  h  m«f  im  riifhi  Ui  mt4  u  rrnnnrk 
«r  iin0  i^pm  mmm  miU,  miA  i\uMtii  iff  iim  urtmimi 

f#4vM  <tM  «««i^iM/  1^  ^M^#r  ^<*ft  \m  t'4m\miAtv^\  \  \m\  nny 

tvf  «M  tm^inif  m^UfWmi  mn^iUiii  f,rtft$iurt*H  with 

9*4  m»4^ipiiUfil  iim  M/<if^4^<*  ^/f  ^fftjoytnt^tii,  or  for 
iM  k4^i$$n  mudim  U^/aMf  pUuHurifn  ¥/UU'U  h<'  iit$\t$ 
$nif$m  itup4ki^My  ffrt^i^ni.  So  mm  vmh  \m  m^ 
U^i$4$  m  Uf  Mr^im  Umi  On  IM<y  U  t>fUi^fr  liMMU'4 
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in  power,  or  deficient  in  goodness,  because  he  hat 
chosen  to  create  some  beings  of  a  less  perfect  order 
than  others.  The  mere  negation  in  the  creating  ei 
some,  indeed  of  many,  nay  of  any  conceivable 
number  of  desirable  attributes,  is  therefore  no  proper 
evidence  of  evil  design  or  of  limited  power  in  the 
Creator — ^it  is  no  proof  of  the  existence  of  Evil 
properly  so  called.  But  does  not  this  also  erase 
death  from  the  catalogue  of  ills  ?  It  might  well 
please  the  Deity  to  create  a  mortal  being— a  being 
which,  consisting  of  soul  and  body,  was  only  to  live 
upon  this  earth  for  a  limited  number  of  years.  It, 
when  that  time  has  expired,  this  being  is  removed  to 
another  and  a  superior  state  of  existence,  no  evil 
whatever  accrues  to  it  from  the  change ;  and  all  views 
of  the  government  of  this  world  lead  to  the  im- 
portant and  consolotary  conclusion,  that  such  is  the 
design  of  the  Creator ;  that  he  cannot  have  he* 
stowed  on  us  minds  capable  of  such  expansion  and 
culture  only  to  be  extinguished  when  they  have 
reached  their  highest  pitch  of  improvement ;  or  if 
this  be  considered  as  begging  the  question  by  assum- 
ing benevolent  design,  we  cannot  easily  conceive 
that  while  the  mind's  force  is  so  little  affected  by 


itm  bujy'tt  4v*itijf,  ilm  tynirmiUiU  or  il»ff»i>ltHioti  of 
lim  Unur  •lu/uki  Im  ilm  v%imiiUm  of  iUt$  turtmr,'^ 
li*ii  ilAMt  iLvttUi  upvrntifn  MM  Mu  nvil  of  ihtt  vttry 
biytiMl  kiiMl  ill  iw0  wiiy»  U  obvioun  $  Umi  drtinil  of 
il  #fufii  i^nhiUs^rn  ii&#  uml  iIm*  iinjiljj  of  frlttiMln 
hniig«lo(li«  itiiiMl  by  fiwii*  iho«I  iHnltiriil  infliriioti ; 
•TftMittiy  tlm  nrtmiimi>tutli*rlnn  il  csHiiumlnrgo  wilhotif. 
AMny  rriiniiittl  cooatciouMiMivti  of  iU  owiu 

K<jr  thi«  «rv»li  iIm^ii-^  ihU  |{ruivouN  litul  tuliiiihiid 
mtU--  Im/iv  ulittil  w«i  MiuL^;Mtii  /  Jtiii  flrwi  l<ii  UN  t'onniUttr 
nImW  it  Un  iuA  iiiittvoiilMlilo ;  oof  inoritly  uiidur  liui 

|;i««VOl   «li«|M'H»tttioO,  tttul   ill    i\Ui   ilxMug    Nllltl4   of 

<1mm^««  l^r  iluit  i«  wiMilly  irrAvvuni  foiiin  <|iiiiNlioii 
iftiiKh  i«  r«i^'<l  op/ii  lli/t*  fldiAinN  of  tliiKv<*ry  MtaU*  of 
iUmkii;  lio(  wliHiu^r  it  ti<i  not  n  iii«',i«NMiiry  iwil,  'I'liitt 
iwn  minUi  Uu\*f  Imk'II  t'.rt*uU'il  iiiiiiioitiil  in iioidtMiiiKl ; 
1^  it  il  wi'i'Af  ili«<  will  of  lliM  Di'iiy  Ui  form  il  liiiiiiiul 
Uiog  uo4  to  itlui'ii  liiiii  ii|H>ii  (liM  I'ttrtli  for  only  u 
rjTiMio  |Mfrio(l  of  iimi'f  Wm  (K'utli  wiin  iIiii  utwimMwy 
uwMr4i«ji ori«  i/f  Uiin  ili'tifiiiiiiiiition.  'I'littii  iu  to  tlin 
|Mjfi  mIim'Ii  oo«  p'rvoiiV  ri'iiiov»l  iiiflirtN  ii|iiiii  Miir- 
MMi»K  jmriMfii*  thi»  m'A'IIin  IIhi  «'<|iiiilly  iKTi'MMiiiy 
cMift»4f«itfiM;^  of  tlitfir  huviuK  iini*i;lioiiii.  Kor  if  any 
UiMg  tMfU  b/Vii  loMiM'iU  Miiotlu*r,  thU  iin|iliiM«  |ii» 
•  A  l«gi«  M  9u\t^tiUmd  ttu  11m  lUvurrmhiiii  i/f  Itm  lUntjf, 


r  r  jiiau*  tump:,  an  it  iht 

tan  lu  Ticnr  u- 

^  E.  ▼■Una.  le  }t:  »t  sol  bm  iit< 
,  art  Her  eniaJ-'j  ^i»t  T«siir   o:  n.- 
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desire  that  the  intercourse  with  that  other  should 
continue;  or^  which  is  the  same  thing,  the  re- 
pugnance and  aversion  to  its  ceasing ;  that  is,  he 
must  suflTer  affliction  for  that  removal  of  the  beloved 
object.  To  create  sentient  beings  devoid  of  all 
feelings  of  affection  was  no  doubt  possible  to  Om« 
nipotence;  but  to  endow  those  beings  with  such 
feelings  as  should  give  the  constant  gratification 
derived  from  the  benevolent  affections,  and  yet  to 
make  them  wholly  indifferent  to  the  loss  of  the 
objects  of  those  affections,  was  not  possible  even 
for  Omnipotence;  because  it  was  a  contradiction 
in  terms,  equivalent  to  making  a  thing  both  exist 
and  not  exist  at  one  and  the  same  time.  Would 
there  have  been  any  considerable  happiness  in  a 
life  stripped  of  these  kindly  affections  ?  We  cannot 
affirm  that  there  would  not,  because  we  are  igno* 
rant  what  other  enjoyments  might  have  been 
substituted  for  the  indulgence  of  them.  But  neither 
can  we  affirm  that  any  such  substitution  could  have 
been  found ;  and  it  lies  upon  those  who  deny  the 
necessary  connexion  between  the  human  mind,  or 
any  sentient  being's  mind,  and  grief  for  the  loss  of 
friends,  to  show  that  there  are  other  enjoyments 
which  could  furnish  an  equivalent  to  the  gratifica* 


mm^^n^i,  cftiM^Mr  |<^  mmJuv  Umtmi  iMrruJ  (  itr,  WUtsnt^ 
imc  imm  k*  yhutmA  mum  tt{Mt»  ttMr  Miilti  (br  » titiM^ 

wmctetimuiy  9m¥^  ^ImJI  Iw  mI^U  ti>  m/I^^a;  but  « 
mmMf  |H«i> — ll/MT  tiUf/f^MM  it  iUai  i»  (vm^  l&viny 

tm^r*4^MkAm^      Hut   w«r  4««ur4Mlly    lu^v«r  i«/i/  lin^hi  li> 
Mj  ihtti  t)i/>M'  <litfi^:<illi«^  ithiirh  try  n^tui  v^iL  uk  Hfit 

wy^  U$Mi  thm^  «:M4Mr«  io  wiiM'.h  jm  y«d  ir«  tfOiii  )iif4i  tut 
U0*M  *A  'U^^jit  ^^  fi^/i  4!«|«i;*lly  th«  r^^^ult  //f  iii* 

«I#U  lo  i^fc-M'^***  tl«<tr  i»|«//kf,  or  /M'*rly  tin-  wUoUf, 
v-iirfi«r,      (fit«4<    iMA  tti*v«;  liA'iffi  out  faiJii^VArfiii'iiU  iu 

<««W»ija«4  why  «  i^^imer  {M'I  ¥ttik«  If(m$  ky%Unti  H/:tii«g 
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inversely  an  the  squares  of  the  distance  from  the 
point  to  which  it  attracts,  rather  than  a  power  acting 
according  to  any  other  law ;  and  why  it  has  been 
the  pleasure  of  the  almighty  Architect  of  that 
universe,  that  the  orbits  of  the  planets  should  be 
nearly  circular  instead  of  approaching  to,  or  being 
exactly  the  same  with  many  other  trajectories  of  a 
nearly  similar  form,  though  of  other  properties; 
nay,  instead  of  being  curves  of  a  wholly  different 
class  and  shape.  Yet  we  never  doubt  tliat  there  was 
a  reason  for  this  choice ;  nay,  we  fancy  it  possible 
that  even  on  earth  we  may  hereafter  understand  it 
more  clearly  than  we  now  do ;  and  never  question 
that  in  another  state  of  being  we  may  be  permitted 
to  enjoy  the  contemplation  of  it.  Why  should  we 
doubt  that,  at  least  in  that  higher  state,  we  may 
also  be  enabled  to  perceive  such  an  arrangement  as 
shall  make  evil  wholly  disappear  from  our  present 
system,  by  showing  us  ttiat  it  was  necessary  and 
inevitable,  even  in  the  works  of  the  Deity;  or,  which 
is  the  same  thing,  that  its  existence  conduces  to 
such  a  degree  of  perfection  and  of  happiness  upon 
the  whole,  as  could  not,  even  by  Omnipotence,  be  . 
attained  without  it ;  or,  which  is  also  the  same 
thing,  tliat  the  whole  creation  as  it  exists,  taking 
both  worlds  together,  is  perfect,  and  incapable  of 
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bring  in  any  particular  changed  without  being 
■nde  worse  and  less  perfect  ? 

Taking  both  worlds  together — For  certainly  were 
oitr  views  limited  to  tlie  present  sublunary  state, 
we  may  well  affirm  that  no  solution  whatever  could 
even  be  imagined   of  the  difficuky — If  we  are 
nerer  again  to  live ;  if  those  we  here  loved  are  for 
ever  lost  to  us ;  if  our  faculties  can  receive  no  fur- 
ther expansion;   if  our  mental  powers  are  only 
trained  and  improved  to  be  extinguished  at  tlieir 
seine — then  indeed  are  we  reduced  to  the  melan- 
dtdy  and  gloomy  dilemma  of  the  Epicureans ;  and 
Evil  is  confest  to  checker,  nay  almost  to  cloud 
orer»  our  whole  lot,  without  the  possibility  of  com- 
prehending why,  or  of  reconciling  its  existence  with 
the  supposition  of  a  Providence  at  once  powerful 
and  good.     But  this  inference  is  also  an  additional 
argument  for  a  future  state,  when  wc  couple  it  wit/i 
thoie  other  concluHions  res]>ecting  the  economy  of 
thf  world  to  which  we  are  led  by  wholly  diflVrent 
routes,  when  we  investigate  the  phenomena  around 
u«  and  within  us. 

Suppose,  for  example,  it  should  be  found  that 
th^re  are  certain  purposes  which  can  in  no  way 
slutever — no  conceivable  way — be  answered  except 
W  placing  man  in  a  state  of  trial  or  probation; 

k2 
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suppose  the  essential  nature  of  mind  shall  be  found 
to  be  such^  that  it  could  not  in  any  way  whatever 
exist  so  as  to  be  capable  of  the  greatest  purity  and 
improvement—- in  other  words^  the  highest  perfec- 
tion—without having  undergone  a  probation;  or 
suppose  it  should  be  found  impossible  to  commu- 
nicate certain  enjoyments  to  rational  and  sentient 
beings  without  having  previously  subjected  them 
to  certain  trials  and  certain  sufferings — as  for  in- 
stance^ the  pleasures  derived  from  a  consciousness 
of  perfect  security,  the  certainty  that  we  can  suffer 
and  perish  no  more — this  surely  is  a  possible  sup- 
position. Now,  to  continue  the  last  example- 
Whatever  pleasure  there  is  in  the  contrast  between 
ease  and  previous  vexation  or  pain,  whatever  en- 
joyment we  derive  from  the  feeling  of  absolute 
security  after  the  vexation  and  uncertainty  of  a  pre- 
carious stale,  implies  a  previous  suffering — a  pre- 
vious state  of  precarious  enjoyment ;  and  not  only 
implies  it  but  necessarily  implies  it^  so  that  the 
power  of  Omnipotence  itself  could  not  convey  to  us 
the  enjoyment  without  having  given  us  the  previous 
suffering.  Then  is  it  not  possible  that  the  object  of 
an  all  powerful  and  perfectly  benevolent  Being 
should  be  to  create  like  beings,  to  whom  as 
entire  happiness,  as  complete  and  perfect  enjoy- 


ift^j,  ittf^\d  l^  giv«fi  iM  any  eftnuiMtl  \mnn% — ihni 
KB,  Hhy  ly^ifig,  tfrx/'^^  Um  Cfeinior  Uiimelf — can  l/y 
yr^i^hilify  ^jjojr?  7Yii«  i»  eerUtinly  not  tmly  h 
^4^ J  yt^ikAii  iMpfUMit'um,  trtii  it  af;p«ar«  u>  b«  <|uft#* 
</AeV«rit  iritby  if  it  b«;  ri/^  a  nac«Mar)r  ciHttrnftmnee 
«A,  f  Ii4  ^/«t0g  fffrrfiMity  ffOiMl  aa  irall  aa  |>ow«rfiii  and 
»ai^.  .N//W  wa  tiav«  nhfmu,  tiiefef/^e,  ihstt  9*ieii 
i^«A|^  •«j(/|>M#'/l  H«4»  da»i|{n  of  Pn^UUm^j^,  ¥¥un 
^Pmmy0^mif'M  itmUcmkli  fidA  a/*.c//fi>f/li»h  thia /i^^i|(n, 
iu  fmf  aa  ori«  graat  and  'nnforiMitt  elaaa  //f  ^ny^y- 
mtei^*  M  i'jfjfteMfn^,  wiitifiut  U«a  pr^vioua  ««i«#an^'^ 
af  «i^/ffAa  fHiiri,  a<w»p  toinfffy.  Wbati^var  gnt-tttat- 
i»0m  ium^fn^  Umn  feM — from  coftiraMt—frmn  tU'twi^y 
tn^^^bi»f(  uiuteiy  —  ffOfu  ff*M/friUiofi  tA  l//:t 
afU-jttdjft^— Profit  rafiawifig  aay^^rad  /'//ff«naxjor4» — ai*'! 
fh^ity  tA\y^f%  iA  a  lifca  kind,  could  r>/A  by  any  jfxy*)<i' 
Mtf'y  (^  ^tjoyt'jl  lifilaM  tl»«  t'Jifrt*\ikUiti  %*i1flWmff  Uwl 
ii^  k^'ifrft  unAMfyjtrtif,,  Nor  will  t^«^,  arffuifUfHf,  ttn 
10  ali  imfMHtduwi  l/y  /j^jmniu^,  iUtU,  iftti*  limu%  nmy 
1^  faMlc  ^o  f^4rl  tint  pii«aa<jra  of  ^aa^  an/i  miMfhy  by 
tf^'i/.g  i/lt^n  ^ti^fjiU'j^dli  Uf  ii*if(f*riiii(  and  dist.r#»9M; 
i^^  that  itm»km*s^  i\m  lutin'AUH^  tA  mimfy  on  t^»//!$^. 
'/I.^3* ,  J*  isf  "  fdtffiU0  %\ii'ji-^H.fH  Mff/fHHi  "  that  wa 
«/«?  n^tyfXMihff   Ui  \m  uwisei ;  and  thiat  ia  still  ||>af- 

A«  H^  wti//Uf  argurnant  r^^^t^'Uttgeifil  mn^*,  fr^/fn 
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I 


the  nature  of  the  question^  resolve  itself  into  either  f, 
a  proof  of  some  absoUite  or  mathematical  necessity'  ^ 
not  to  be  removed  by  infinite  power,  or  the  showing  ■» 
that  some  such  proof  may  be  possible  although  we 
have  not  yet  discovered  it,*  an  illustration  may 
naturally  be  expected  to  be  attainable  from  mathe- 
matical considerations.  Thus  we  have  already  ad- 
verted to  the  law  of  periodical  f  irregularities  in  the 
solar  system.  Any  one  before  it  was  discovered 
seemed  entitled  to  expatiate  upon  the  operation  of 
the  disturbing  forces  arising  from  mutual  attraction, 
and  to  charge  the  system  arranged  upon  the  prin- 
ciple of  universal  gravitation  with  want  of  skill, 
nay,  with  leading  to  inevitable  mischief, — mischief 
or  evil  of  so  prodigious  an  extent  as  to  exceed  in- 
calculably all  the  instances  of  evil  and  of  suffering 
which  we  see  around  us  in  this  single  planet 
Nevertheless  what  then  appeared  so  clearly  to  be  a 
defect  and  an  evil,  is  now  well  known  to  be  the 
very  absolute  perfection  of  the  whole  heavenly 
architecture. 

Again,  we  may  derive  a  similar  illustration  from 

*  Tills  proposition  has  been  overlooked  by  many  reasoners,  ai 
we  have  seen  above  ;  yet  is  manifestly  true. 

f  These  derangements  are  also  called  §ecuiar  to  distinguish 
them  from  others  which  are  termed  periodicaL  But  in  the  view 
of  our  argument  both  are  of  a  periodical  kind. 
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t  much  more  limited  instance,  but  one  immediately 
eonnecteJ  with  strict  mathematical  reasoning,  and 
founded  altogether  in  tlie  nature  of  necessary  truth. 
The  problem  has  been  solved  by  mathematicians. 
Sir  Isaac  Newton  having  first  investigated  it,  of 
ioding  tlie  form  of  a  symmetrical  solid,  or  solid  of 
rmolution,  which  in  moving  through  a  fluid  sliall 
experienee  tlie  least  possible  resistance;  in  other 
words,  of  finding  tlie  form  tliat  muvt  be  impressed 
upon  any  given  bulk  of  matter,  so  that  it  sliall 
tuoie  more  easily  througli  a  surrounding  fluid  tlian 
if  it  had  any  otlier  conceivable  form  whatever,  with 
a  breadth  or  a  length  also  given.  Hie  figure 
bears  a  striking  resemblance  to  that  of  a  fish. 
Now  sup{)ose  a  fish  were  formed  exactly  in  this 
slis|ie,  and  that  sotne  animal  endowiMl  with  reason 
atTe  placed  u|>on  a  portion  of  its  surface,  and  able 
to  trace  its  form  for  only  a  limited  extent,  say  at 
the  luirrow  part.,  where  tlie  broud  iK>rtion  or  end  of 
t)^  uioving  body  was  opposed,  or  seemed  as  if  it 
¥fvrv  op|MiH4xl,  to  the  surrounding  fluid  when  tlie 
finh  moved — the  reasoiier  would  at  once  concituh) 
tliut  tiir  contrivance  of  the  Min  hnn  was  very 
iiiroii%4*iii4*nt  and  inaitificial,  and  that  nothing 
rouM  be  much  worse  adapted  for  exiN^litious  or 
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easy  movement  through  the  waters.  Yet  it  is  eer* 
tain  that  upon  being  afterwards  permitted  to  view 
THE  WHOLE  body  of  the  fish^  what  had  seemed  a 
defect  and  an  evil,  not  only  would  appear  plainly 
to  be  none  at  all^  but  it  would  appear  manifest  that 
this  seeming  evil  or  defect  was  a  part  of  the  most 
perfect  and  excellent  structure^  which  it  was  pos- 
sible even  for  Omnipotence  and  Omniscience  to 
have  adopted^  and  that  no  other  conceivable 
arrangement  could  by  possibility  have  produced  so 
much  advantage^  or  tended  so  much  to  fulfil  the 
design  in  view.  Previous  to  being  enlightened  by 
such  an  enlarged  view  of  the  whole  facts^  it  would 
thus  be  a  rash  and  unphilosophical  thing  in  the 
reasoner  whose  existence  we  are  supposing  to  pro- 
nounce an  unfavourable  opinion.  Still  more  un- 
wise would  it  be  if  numerous  other  observations 
had  evinced  traces  of  skill  and  goodness  in  the 
fish's  structure.  The  true  and  the  safe  conclusion 
would  be  to  suspend  an  opinion  which  could  only 
be  unsatisfactorily  formed  upon  imperfect  data; 
and  to  rest  in  the  humble  hope  and  belief  that 
one  day  all  would  appear  for  the  best.* 

*  See  further  illustrations  of  these  remarks  under  the  head  of 
Retearchet  un  Fotsii  Of/eo^y,  sub  fin. 


apsFLiCTtfta  iN/rriNCTH 

(XPSTHlVAltCEH  GKNKHAfJ.Y. 


Tm%  mihyffti  m  dMrnninn  of  MUmtiUm,  Immwm  ilm 

wi$h  ffiiWi  iUtticuhy  ^i$  i\m  Ui«/ib>Kieiil  in#|iiirifr. 

<ir«f/|Mr«rrii  «^il  himI  imptfrrtfetiofi.  Nor  k  iliifrMiifiy 

iimffMl  •iMl«  of  ti^if  fH4:/^Aimn,  tim\  whil«  |4«i^>^l  «»  m 
tmrftm  unA  iK/tin/J^l  (dutii  of  «txi«t«fi/M,  l>«  ^bU  to 

W\mn   i\m   n%\ff»m\*m   tonfliftlinfii    injutinftiM   U 

t't^ilitrim^  ill  tlf<i  tiMfifif  riiftijr«»,  for  *fXMffifi|i»  in  Umi 
•«»»«?  Miiimjil  //f  fril/#f  of  Mriirfi>iK  m«  Umt  Um)  iriniinct 

f'/r  fh«f  \9Hf\ttmtt  of  i*4mtt\i*fH4*.Uu\n,  ihirMfting,  fniti- 
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trating,  or  evading  some  other  instinct  bestowed 
upon  another  animal.  Thus  the  contrivances  by 
which  one  tribe  endeavours  to  seize  another  and 
make  prey  of  it  are  in  conflict  with  those  by  which 
the  latter  endeavour  to  defend  themselves  or  to 
escape.  The  sepia^  or  cuttle-fish,  voids  a  black 
liquid,  which  prevents  another  fish  from  finding  it 
or  continuing  its  pursuit.  The  woodpecker  is  led 
to  strike  its  long  bill  violently  into  branches  where 
certain  insects  lie  instinctively  concealing  themselves 
to  escape  destruction.  Certain  birds  build  their 
nests  so  as  to  avoid  the  reptiles  which  swarm 
around,  and  have  the  natural  appetite  to  feed  upon 
those  birds.  This,  however,  may  be  referred  fo 
reasoning  on  the  one  hand  and  mere  appetite  on 
the  other.  But  animals  that  prey  upon  others  are 
led  by  undoubted  instinct  to  seek  the  places  where 
they  are  to  be  found,  and  to  breed  at  the  seasons 
when  they  are,  in  consequence  of  other  instincts, 
produced,  so  as  to  become  the  food  of  the  former. 
Some  animals  seem  made,  or  at  least  provided, 
with  appetites  on  purpose  to  devour  the  embryos  of 
others  or  prevent  their  increase.  Thus,  some  fish 
feed  on  the  spawn  of  others,  and  the  ichneumon 
feeds  upon  the  eggs  of  the  crocodile. 


ti4M  ni^U  Um9^  tf^M  ik^mif  i\p^f  *t*^M\m,    'i^m 
#A«  4(1^1  ni^U  tm^U  ^Mt^,  <w/  U4  U$  1M\\iHi4$  Uy  * 

1 .0^jk4  #*  ^o  ifiHH$  it$^h  *ff  HUmhi*  ft*m$  Mhi^U  ftml 

mA    $it^    ffiMf    im  mm  nmM^f  U\t^    SmW    mi4 
m^itM.    Tim    \t^H^*ii  ^*i*$  *4   iSm    U-m  f^to$9Uf*m 

r;^4.^«   jw  ^Mfld^*$4^   uti'.^tiimi  Ui  M  \mjt  \tU^^4  \^ 
^/t^iu*^4  *o  Ow  tim$p  i^/iM  mt  ^tm  </<  W  f^wi,  *40 


u   * 
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that  when  the  animal  bites,  the  tooth,  pressing  on 
the  sac,  makes  the  poison  squirt  through  the  duct 
of  the  tooth  into  the  wound  made  by  its  point. 
No  more  striking  proof  of  design  can  be  given  than 
this.  Then  the  rattle  in  the  tail  of  the  most  deadly 
of  the  tribe  gives  warning  to  keep  out  of  its  way,  and 
thus  as  it  were  prevent  the  machinery  of  destmctioa 
from  being  of  any  use  to  the  animal,  unless,  perhaps, 
«s  a  weapon  of  defence,  when  he  is  attacked  by  some 
one  that  disregards  the  warning.  Again,  birds  are 
furnished  with  a  defence  or  shield  to  protect  their 
eyes  in  flying  through  the  thickets.  They  are  also 
furnished  with  a  power  of  contracting  their  eyes,  so 
as  to  adjust  them  to  the  distances  of  various  objects. 
But  birds  of  prey  have  a  peculiar  mechanism  for 
this  purpose.  Their  eye  is  provided  with  a  kind  of 
muscle,  loop  like,  which  enables  them  to  compress 
the  lens  so  as  to  adjust  it  for  descrying  objects  at  a 
vast  distance,  acting  like  the  slide  of  a  telescope, 
and  used  to  effect  the  same  purpose,  that  is  to  suit 
the  focus  of  the  eye.  Now  this  can  be  of  no  use 
•excepting^  as  a  means  of  attack  and  destruction ; 
for  the  adjustment  to  near  distances  can  alcme  help 
the  animal  to  defend  itself.  On  the  other  hand, 
weak   birds   are   furnished  with  many   important 


A%9  COVTBIVAIiCWk  85 

0t  memfiofi  fmii  tbtir  mora  poir«rfiil  cm* 
Similar  obtenratioiM  may  b«  mada  upon 
IW  ilnieUira  ud  habtto  of  Ibbof .  Tbiu  the  airord^ 
Mb  M  pcoridad  with  a  mo«t  poworful  waapon  and 
wkh  ggML  muacular  itrength  to  imo  it  He  attaeka 
Itm  irhala,  wbieb  immadiately,  and  bjr  a  apeeial 
iaatinet^  dtiras  into  fo  deop  wator,  that  the  aword« 
Ml,  faeinf  wbMy  unabia  to  bear  tlia  prasMua,  ia 
Smttd  to  quit  bia  bold.  Tbia  fmmure  producea  no 
iacomrenianoe  to  the  wliaHe,  wbo«a  atnictura  ia 
funnad  to  bear  it  with  perfect  ea«e« 

7be  rU  medieairixp  in  all  ita  brancfaea,  aflS;>rda 
Unkinf  exampbfa  of  the  aame  conflict  For  wbi]e 
Ike  animal  body  ia  expoded  to  injury  from  it«  for* 
mat  ion,  the  <|iialitieK  of  iU  component  parta,  and  tlie 
propifrUea  of  otiier  bodies,  and  while  it  ia  alao  ex* 
yutmsA  to  injury  from  diiiea«e,  there  ia  beatowed 
uyuu  it  a  power  of  not  only  xevimiXng  and  aroidiog 
iboKe  injurif%  but  aluo  of  repairing  them  after  ttiey 
Lai«;  l^eeit  iitfliHed^  lliuw  tlie  eye  ia  wo  fixed  ia  the 
loi'lurt  arid  «o  protected  by  ttie  eyelaahes  and  i\u6 
fstr^jrow,  that  irritbitingpariicleti  do  not  eatuly  reach 
iu  teiMkr  vurfaca,  or  |ierha|nt  we  »hould  rather  uay, 
\}i0i  i*ffi<W  and  tyntiHiiiv^  {iarla  wurroundiiig  it.  Uut 
if  anything  doev  fix  ujiou  it,  tliere   i«  providi^  a 
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sudden  and  copious  secretion  of  watery  fluid,  which 
sheathes  the  parts  attacked^  and  tends  to  wash  away 
or  expel  the  foreign  substance  that  has  intruded 
itself.  So  new  bone  and  new  flesh  are  produced  td 
supply  any  void  made  by  accidents,  and  to  make 
the  severed  parts  knit  again  and  heal.  In  Uke 
manner,  when  an  extraneous  substance  has,  by  thd 
laws  of  matter  and  motion,  been  introduced  into  any 
limb,  or  into  the  cavities  of  the  body,  and  cannot  be 
removed,  a  new  formation  of  flesh,  or  cartilage,  or 
bone,  according  to  the  place  where  it  is  imbedded, 
takes  place,  and  covers  it  over,  so  as  to  defend  the 
adjacent  parts  and  enable  the  system  to  be  continued 
in  its  operations,  ^gain,  where  a  disease  attacks 
the  frame  according  to  the  properties  of  the  system 
on  the  one  hand,  and  the  qualities  of  infection  or 
other  noxious  effluvia  on  the  other  hand,  the  system 
is  thrown  into  a  state  which  produces  a  sudden  and 
often  violent  effort  to  throw  off  the  mischief ;  or  if 
this  fails,  then  other  efforts  are  made  to  resist  and 
to  remedy  the  damage  sustained,  and  to  restore 
health.* 

All  these  conflicts  and  inconsistencies  belong  to 

^  The  illustratioDS  of  design  drawn  from  Um  operation  of  the 
Fis  Medicairix  form  the  subject  of  a  separate  note. 
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tbe  general  head  of  imperfection^  or  of  evil.  7'hey 
ui€  merely  otber  cases  of  what  we  have  i^i^ecified 
vkli  various  views  in  tiie  argument  upon  that  great 
^ueKticMi.  Tliey  fall  altogetlier  within  liie  scoi>e  of 
that  argument ;  therefore  they  require  no  separate 
disGusMon  in  this  place.  It  is  quite  evident  that  we 
have  ao  more  right  to  regard  a  conflict  of  contri- 
vances as  any  rc*al  inconsistency  in  reference  to  the 
■ibule  design  wliich  is  concealed  from  us,  than  we 
hare  to  regard  any  pail  as  formed  without  meaning 
aai  use,  because  we  liave  not  discovered  its  use. 
He  camiot  say  that  one  part  of  a  machine  counter- 
acts another  part,  unless  we  can  {lerceive  dintinctly 
viiat  file  pjrpose  of  the  whohi  mechanism  \h.  7*he 
apparent  opfiosition  may  be  necessary  for  accom- 
piisbiiig  that  pur^iose :  as  the  friction  of  one  wheel 
upon  aiioiher  is  necessary  to  the  action  of  both,  or 
the  counteracrtion  of  one  lever  by  another  tij  the 
iiM/tion  of  the  wiiole. 


DOCTRINE  OF  UBIQUITY. 


Tiro  ojMDions  hare  principally  been  held  upoa 
this  sulijecf ,  and  haTe  dirided  metaphysical  theo- 
logians»  though  without  giring  rise  to  any  very  great 
vdiemence  of  contiOTersy.  The  one  class  have 
maintained  that  the  Deity  is  everywhere  present  in 
His  person,  substance^  or  essence ;  this  is  termed  the 
doctrine  o(Essemtial  Ubiquity,  to  distinguish  it  from 
that  of  Virtu€U  Ubiquity,  held  by  the  other  class, 
who  have  maintained  that  presence  in  place  cannot 
be  predicated  of  mind  at  all,  still  less  of  the  in- 
finite mind,  which  only  acts  everywhere  by  its 
power.  A  very  obscure  and  imperfect  notion  has 
prevailed  with  some,  chiefly  of  the  ancient  sects,  as 
if  universal  matter  or  infinite  space  were  constituted 
by  the  Deity's  essence ;  but  this  would  plainly  make 
Him  divisible,  and  indeed  material.  The  ancient 
idea  of  His  being  the  universal  soul,  the  anima 
mundi,  related  to  the  world  as  the  soul  to  the  body, 
is  equally  unfounded,  though  approaching  more  to 
Essential  Ubiquity. 


TV  oimwm  td  i\m  hxumniM  MY^n  ikvm  fr^a  and 
dArull  ifiMt^ifm  ir«r#?  utd,  p^rimim,  nuUmMy  dit 
kma  hism  Um  fif»t  c^  ^hmm  dadrinm.  AiBcordirtf 
t«  CV:«rro  (^iJe  NaU  Ih^r,  lib.  l>,  PytbugorM  Uught 
'^  UntMtt  M««  ttnimuffi  per  luUiinini  reruoi  omnium 
im^tdum  m  emumtmuimu/'  And  in  hm  irtmiiim 
Df  /^gi(.  (lih.  ilj  Im  iMy4  iimi  "Hudm  iX  MildtiM 
im  Uid  d«/tyn  iim  ir«lUknowii  |Mi«»ilion, ''  iA^omm 
mmm  ««««  f^rui/*  71m  {laMiiig^  in  tfifu«eii  T/^,^ 
ik«^,  lib,  i^,^  %%  u\m  worthy  o(  tioika,  tu$  contAining 
Uht  iUtntritm  in  Urmw ;  ^*  Quoatmntw  in  (UxmM  ibt 
tMmm  fifMm  MSitunenUsm  iihl  Nihil  ab  illo  ruciit 
(^pM  Mmiii  i|nMf  iiiipkH.''  An^l  u^aiu  in  EpUt  15, 
"  (/bi#|ii«  «t  «/ifinit/M»  priM^t/* 

AttM/fiy  tltff  m/><kni««  lli4$  t</lli[/w«r«  r/f  HoeinuM 
kfi'  tb/#^  wb//  Usi¥ti  uumi  uirttuu(mn\y  dii^nM^l  iiw 
Mil  ul/i/jniiy;  find  ni:Mtbing  ean  \h!  tnom  in- 
:liiiMv«  tiuui  Uirir  f«fiu^>ning«  iH(ttin«t  it,  IVbim 
ibrjr  Mrg«f«  lur  «iuimiib'^  thai  ibi«  would  dis^riubt 
tW  ttttUnv  of  tf4«$  D<^ly  by  •up|/o«ing  Him  to  in^ 
liMibii  vik  iitid  iminiro  yUutait,  i\m  tamwttr  of  Ih, 
Ibi^ioirk  (lioyife  L4«Ktur«,  If,  T/H.)  in  iUatiMivti, 
tbul  tbiai  mpiamm  ilim  of  mi  inf^^rior  tind  anim^J 
Mrf(i#»;  ttfid  iimi  Uuimil  iim  wbob^  urguuufni  m^ 
%t^in  of  aittbfopomorpbiliiiw.    'fliiiy  mniotnin  that 
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He  resides  in  heaven,  but  that  by  His  power  He  is 
felt  everywhere^  or  has  a  potential  and  virtual 
ubiquity  only.  But  first,  how  have  we  any  right  to 
confine  Jlis  being,  as  if  He  were  a  human  or  other 
finite  existence,  to  one  place,  and  not  make  the 
whole  universe  and  all  space,  even  as  yet  unfilled 
with  any  creature.  His  residence?  Secondly,  how 
can  we  conceive  Him  preserving  and  upholding 
and  directing:  where  He  is  not  ?  It  is  inconceivable 
to  our  minds  how  power,  or  any  other  thing  or 
influence,  can  act  at  a  distance.  It  must  further  be 
observed  that  the  Socinians,  who  hold  the  doctrine 
of  a  finite  spirit,  have  quite  as  great  a  difiicuky  to 
contend  with  as  that  imputed  by  them  to  the 
Essential  Ubiquity;  for  theirs  is  at  the  least  as 
hard  to  conceive. 

That  St.  Paul  adopted  the  principle  of  Essential 
Ubiquity  is  evident  from  what  he  says  both  in  Acts 
xvii.  and  in  Heb.  i.  In  the  former  passage  he 
says,  "  In  Him  we  live,  and  move,  and  have  our 
being;"  in  the  latter,  "  He  upholds  all  things  by  the 
word  of  His  power."  So  a  passage  from  .teremiah 
xxiii.,  referred  to  by  Sir  I.  Newton,  ^' Am  I  a  God 
at  hand,  saith  the  Lord,  and  not  a  God  afar  off  f 
Do  not  I  fill  heaven  and  earth  ?" 
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Vm  nstutotmg  of  lluAiop  Law  upon  ilm  mhj^i 
h  atriMiiily  hy  fio  mvunn  mimfiu^ory.  It  oiumrfk  m 
immifttnih  tu^^  to  clinpier  I.h,^;  but  clii«)fly  iti 
IbiiMiri  4  to  tint  third  MMctioii  of  ttuti  cImpUtr,  Iti 
ii»w«f  tv  Dr,  Cliirlu$*M  [)0«»iUoii  (Kitply  to  Lalhniii), 
llM  «|Mi/'i»  iM  ilm  lAmm  of  all  i^lttiM,  tho  hUliop 
li]fi«  timt  to  vontuiivtt  an  ittitriiiUtrial  tluiikiiig  i«ub«- 
ill  ii$iy  ci/iiiiifi^ioii  with  Um  idt^uM  of  Mpac^  m 
r,  iftt  mliK  ihfit  fi|mri»  hikI  K|iiril  aril  ''<i« 
dbiiiiit  immI  liHiomimilhli  a»  ilii^  tmM  ri'inotif  mid 
muHmU^etA  ihiugM  ill  iiiitur«/'  utid  timii  olMi«rv4M^ 
"llmi  Mil  rxt4»iMW  noui  tmt^Uii*  juMt  i«u<'.|i  aii/itlmr 
tiiiiif  iM  II  |{r<M'ii  Nouiid,  m\  «11  of  coii«cioiMiM$tM|  or 
t  i;iiU  of  vifiuif.*'  Wliitii  Dr.  CUrkif,  uilmitting 
llim  «r»fifiui//ii  ranriiii  bitloii^  to  tlio«i|{lit,  nayit  thut 
Vt/itiy^Ul  in  not  Itt'iiiif,  ih<^  binliopurgiii^MiiKaiiuttliiM 
diSrrrii««*,  mikI,  U'lriiiiM  wi*  only  know  ltmii((  by  it4 
iWighu,  e</nl4»nda»  thui  I)i'in|;  i«  an  U'imrtnuiAt  of 
iu  propfrli*^**  W\u$n  bo  <^>nicf4  to  tb<i  <jint«(ion  of 
bbitfiuiiy  in  lh«  lU'iniirkM,  Ut*  mtyn  that  tho  ni;iioa  of 
ikc  UtUy'n  priiiMfnctf  in  lli«  »irnpb$  ttamsuiw  in  i*\t'ry 
I^Aftof  ib«s  l>oundU«(4  inniutnuity,  cunnot  \m  in/^bidi'd 
ill  iltf*  i«i«$fi  of  Oiiinipri»M?nci*,  h^mam  any  idtifi  of 
rkinMion  or  ifX|mnMion  iv  in<vn»t»it»ti'nt  witii  tbttt 
tifii|iUi  iitmiu^.     Hiit  lus  ((lUAi'dK  hiniiM'lf  ttguiimt 
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being  supposed  to  maintain  that  there  is  any  sepa- 
ration of  the  attributes  from  the  essence^  or  that  his 
knowledge  and  power  act  apart  from  his  essence; 
nay^  he  holds  that  his  essence  has  no  more  relation 
to  space  than  those  attributes  have.  He  then  quotes 
with  commendation  the  remarks  of  Episcopius 
(Theolog.  Inst  J),  that  the  idea  of  space  without 
matter  to  fill  it  is  '^  nihil  omnind  reale,  sed  puie 
pute  imaginarium  et  prorsus  nihilum;''  and  that  the 
very  idea  of  presence — of  being  in — ^implies  some 
reality.  And  the  bishop  then  goes  on  to  maintain 
that  the  Deity  knows  and  acts  upon  all  parts  of 
the  universe^  as  we  know  from  the  effects ;  but  that 
to  speak  of  His  acting  in  extra-mundane  apace  is 
incomprehensible^  and  that  it  is  no  less  so  to  speak 
of  His  actual  presence  in  any  part  or  parts  of  ex- 
tension, except  it  be  metaphorically,  as  eternal 
truths  are  said  to  be  the  same  in  all  times  and 
places,  though  they  really  have  no  relation  to  either. 
In  like  manner  he  disposes  of  the  position,  that 
nothing  can  act  where  it  is  not^  as  applied  to  divine 
power,  by  urging  that  this  is  still  supposing  spirit 
to  exist  somewhere  or  to  be  circumscribed  by  some 
parts  of  space,  contrary,  as  he  thinks,  to  the  very 
nature  of  spirit  as  distinguished  from  matter. 


If  MHMl  Ur  Mtmml  iimi  ihU  m  ^y  ntp  nu*.Mfn  « 

Iv  IrMN  4mpf0¥ittf(  t\m  Kmmtim\  Vhinuiiy,  wliM^h 
l$mnmm  Ut  dmty,  ulUuififb  m^,  ^mrtmfm,  ilirmily 
«v  III  f «fy  «^pr»«N  t#rniM.  'Dm  ii«MimifftJ/in  fM^rviul^Mi 
frtMPb  ftfmiming,  thm  Stmanm  «  fiiiiUt  rnirMl  /run 
fM  f«liili'^  lii  mnUUrr  {ri  it«i  i9t»ii«Tfi/'.it,  Stui  U 

iMi4  MMtw4  111*'/  e^mipr^lM^i'l  nil  muU^r,  or  tu,  li^tiH 
kliMi  HmAf  Any  Kit«?fi  iimuiW  r/f  umit'risit 
itm,  tm  w*t\\  tm  nil  tnmtinA  (\%tH\\\!H^%,  \u  ^\mr 
\tm.  Sipf  m  it  niumn  Up  \m  Ht  mII  uwAPU^tHit^tH. 
•Ml  flMr  fMliif*!  ill  %%u^%  it  fnirMl*  thut  ii  m»y  fi//i 
««i«t  iWM^itiiiily  M<i  w«fil  ««!  virfiiMlly  or  |K^4«rifi»lly 

«m  th«  fiMTM^fty  '/f  prtm^t^'t*,  ttn  if  it  wt$H  i^xU^nt^ 
m  \mt^%  in  nifftu'^Uiiiy^,  i%  plainly  <?rroh«''f<i4,  for  ii 
mtf^090m  ttuit,  wh^^i  Any  l/4rWi((  or  uity  ttiitttl  U 
0k$m^l  up  \pm  |/f«rmrfit  in  nny  \thu'4%  \i  \%  tlM'^^for^ 
hr^tmrbr^l  \py,  or  HSSi4i*\%p*t\  \o  th^  lhiri((«(  irifh>ff  |/hi/^^; 
mUtr^UH  it$tt  ihH'^rUu^trf  ICiMMirfitfl  f 'f;i/|iiify  Mit^MffHti 
thirty  jtHli^^iffh  prp^p^ti  in  «ny  j/tIv^'M  |/lw/'i%  tl»"  (/<'i*y 
it  »br#  iirMl  »l  ^Ui*  natfii*  inrM'  nM  /'onrniH  >'/ tli'if 
1*1^^,  l/iif  j/r#'v^it  «'v<'rywh*?r*'  «*Im'      'I'h«'n  lo  fc|>#'rtb 
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little^  unless  Virtual  Ubiquity  be  shown  to  be  less 
incomprehensible.    The  subject  is  altogether  of  so 
high  and  obscure  a  nature,  that  whoever  ventures'* 
to  contemplate  it,  must  admit  the  inadequacy  of 
human  reason  or  human  imagination  to  form  any . 
clear  ideas  respecting  it.   But  a  Being  acting  wherd 
he  is  not  seems  of  all  notions  the  least  conceivable; 
indeed  we  seem  to  be  rather  the  dupes  of  language ' 
in  so  speaking,  and  to  be  putting  together  words- 
without  any  very  distinct  meaning  annexed  to  them. 
Tlie  greatest  force  of  authority,  in  weight  as  well 
as  in  number,  is  certainly  in  favour  of  Essential 
Ubiquity.     Some  philosophers,  as  Descartes,  have 
overlooked  the  subject  altogether ;  others,  as  Paley, 
have  considered  that  natural  theology  is  silent  upon 
the  subject.  Sir  Isaac  Newton  peremptorily,  and  in 
terms  of  peculiar  eloquence  and  force,  declares  for 
Essential  Ubiquity,  in  that  part  of  the  celebrated  ge« 
ncral  scholium,  in  which  he  sums  up  the  divine  qua- 
lities and  Omnipresence  among  the  rest  (contrary  to 
Paley's  hasty  a8sertion),a8  legitimate  inferences  from 
the  phenomena  of  nature,  and  a  branch  of  natural 
philosophy.    "  Deus  est  unus  et  idem  Deus  semper 
et  ubiquc.     Omnipreesens  est,  non  per  virtutem 
solum  I  sedetiam  per  suhstantiam :  nam  virtus  sine 
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wbilajitiA  ftubsiftere  non  pot4»st.  In  ipeo  conti- 
ieotur  et  moventur  universal  sed  sine  mutuA 
puttione.  Deus  niliil  patitur  ex  corporum  motibus ; 
iBa  DuUam  seutiunt  resUtentiani  ex  Omnipruesenti^l 
Dri.  Deum  summum  necegsario  existero  in  con- 
(mo  est;  et  e&dem  neceiMitato  temper  est  el 
ubique**  Tlie  wliole  of  this  great  passage  con- 
dudes  thus,  ''  Et  liBdc  de  Deo,  de  quo  utique  ex 
plMfUomenis  disserere,  ad  pliilosophiatu  naturalein 
pcftinet.**— (Priiicipiai   lib.  iii.    Sckol.   Gen.  4mb 


NOTE  UPON  THE  RESURRECTION. 


Many  arguments  have  been  held  upon  this  sub- 
ject  both  m  ancient  and  modem  times ;  but  ebiefl  j 
in  modem;  because  the  ancient  sects^  generally 
speaking,  held  that  a  future  state  consisted  in  tbe 
immortality  of  the  soul  only,  and  that  matter  was 
essentially  and  necessarily  subject  to  decay  and  dis- 
solution. Indeed,  they  for  the  most  part  limited  the 
Deity's  power  to  moulding  and  moving  matter,  but 
conceived  that  matter  was  eternal  like  the  Deity^ 
and  that  it  had  certain  fundamental  qualities,  as 
corruptibility,  which  no  power  could  alter.  More- 
over, many  of  those  philosophers  held  that  all 
minds  being  emanations  from  the  divine  mind» 
would  ultimately  be  reunited  with  it.  So  that  the 
surviving  in  any  state  of  individual  existence,  or 
what  we  should  consider  as  any  real  immortality 
of  the  soul,  any  true  fixture  state  of  beings  who  had 
lived  in  this  world,  could  hardly  be  said  to  be  the 
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f  of  those  inquirers.*  Others,  no  doubt,  be- 
d  in  such  a  future  state  as  approaches  nearer 
IT  own  ideas ;  but  very  few  considered  the  Re« 
ection  of  the  Body  as  the  mode  in  which  our 
ence  is  to  be  continued, 
mong  these  few  appear  to  have  been  the  Stoics; 
Lactantius  cites  a  passage  from  Chrysippus, 
Ji  shows  that  they  considered  it  clear  that  there 
nothing  impossible  in  the  resurrection  of  the 
f—SiiXoy  if  odhv  dUvarov  dirKaravaamaiadau 
precision  with  which  the  Christian  revelation 
Us  upon  this  appears  to  have  been  rendered 
iljr  desirable,  if  not  necessary,  by  the  preva- 
s  of  the  notion  among  such  as  did  not  doubt  of 
tura  state,  that  it  was  to  consist  only  of  a  re- 
n  with  the  essence  of  the  Deity,  or  a  confusion 
i  the  anima  mundi,  as  some  expressed  it.     But 

i  m  wortbyof  rtmftrk  thmt  the  ancient  doctrine  of  RmaDatiott 
tbt  Deitjr  and  reunion  with  Him,  ie  the  belief  of  the  rudest 
Mipleet,  aa  it  wae  of  the  mott  ciYiliud  men*  The  inhahitanti 
e  South  Cka  Jtlandi  bcliere  in  a  future  itate  of  thii  kind  ; 
the  oBlf  punbhment  which  their  eelf-indulgentnotionerecog- 
ie,  that  which  impurity  in  thii  world  may  make  neccttary  to 
J  the  loul  before  it  is  absorbed  in  the  divine  essence.  This 
i  is,  bowef er,  according  to  their  ideas,  only  temporary ;  the 
f  ie  alUrwardi  to  give  them  a  station  in  eternal  twilight,  or 
Icmal  night,  according  to  their  conduct  and  nature.  (CmA*# 

md  f'tfVf,  1.  164.) 

OL.  U.  F 


NOTE  UPON  THE  RESURRECTION. 


Many  arguments  have  been  held  upon  this  fub« 
ject  both  in  ancient  and  modem  times ;  but  ebieflj 
in  modern;  because  the  ancient  sects^  generally 
speaking,  held  that  a  future  state  consisted  in  tbe 
immortality  of  the  soul  only,  and  that  matter  was 
essentially  and  necessarily  subject  to  decay  and  dis- 
solution. Indeed,  they  for  the  most  part  limited  the 
Deity's  power  to  moulding  and  moving  matter,  but 
conceived  that  matter  was  eternal  like  the  Deity, 
and  that  it  had  certain  fundamental  qualities,  as 
corruptibility,  which  no  power  could  alter.  More- 
over, many  of  those  philosophers  held  that  all 
minds  being  emanations  from  the  divine  mind, 
would  ultimately  be  reunited  with  it.  So  that  the 
surviving  in  any  state  of  individual  existence,  or 
what  we  should  consider  as  any  real  immortality 
of  the  soul,  any  true  future  state  of  beings  who  had 
lived  in  this  world,  could  hardly  be  said  to  be  the 
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beM  of  tha^e  ioquireni.*  Oth«r«,  no  doubt,  be* 
tkved  m  tudi  a  future  0(tate  a$  approai^bat  nearer 
W  our  oiro  ideas ;  but  rery  few  convidered  the  Re* 
Mmactioo  of  tbe  Body  t»  dm  mode  iu  wbich  our 
eurtettoe  i«  to  be  eontiimed. 

AiiMWf  tbese  fetr  appear  to  bare  been  the  6ioic«; 
fer  L«claotiuf  cite«  a  psuwage  from  Clirykippus, 
vMdb  ilioira  that  they  conudered  il  clear  that  tliere 
mm  madhmf  ioipo«sible  m  the  resurrection  of  the 

Tke  fnaman  with  which  the  Chrii$tian  revektion 

4veUi  upon  thi«  appears  to  have  been  rendered 

bifbly  deMrable,  if  not  neceiMary,  by  the  preva* 

Um»  (ot  the  notion  among  such  as  did  not  doubt  of 

a  f«dUtr«  ctate,  that  it  was  to  consist  only  of  a  re- 

WKNi  with  tlie  essence  of  the  Deity,  or  a  confusion 

•iib  else  amima  mundi,  h»  some  expretised  it.     But 

*  ft  w  w^ntkyj^i  nmtrk  thai  Um  AAckoi  datuiwi  of  EmMonikm 
fft0  tW  IMty  Bm4  mmwmw  wilk  liicn,  ii  thtt  imluif  of  tb«  ru4«iit 
•frl  MPfAvst,  M  it  iriM»  of  Um  bmmA  civilized  a»e»«  Thtt  mhMlkntudt 
«l  fW  Swirt  Ccs  l«Uj»df  t«lky«  lo  •  futurt  tUU  of  tbiv  kind  ; 
ifti  ffc«  «»lf  yiiHMhsirnt  whUh  thttu  m^lf-iodalgeut  imHmim  r«cog- 
aiMr  is,  dbst  vltfdl  Miptirit/  m  M*  wtM  m»y  umkit  tyutumnry  t4» 
|MBfjr  tliS  «MiS  IwCuft  k  ik«  Alw>rU«4  w  tb«  diviiw  «m«d<«,  11u« 
Mius  m,  lw«wv«r,  •ccordiiig  U  titcir  idvM,  oul)r  tAMBporau-/ ;  tiis 
Dkify  i»dUrvsii4i  t«  ghr*  tlMm  s  utiitioa  in  cteriwl  twilij^it,  or 
k  «icyjMi  0«gy#  scewdisy  to  thiM  conduct  ttod  iutia«,  {Co<fk'$ 
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some  learned  Christians  have  maintained  that  the 
gospel  only  states  the  immortality  of  the  soul,  and 
not  the  rising  and  immortality  of  the  body ;  particu- 
larly a  reverend  author  (Mr.  Bourne)  of  a  treatise 
upon  the  tnie  nature  of  the  Christian  eeiteueranf^ 
published  about  eighty  years  ago. 

The  difficulties  thrown  by  sceptics  in  the  way 
of  the  Christian  doctrine^  as  commonly  received^ 
have  given  rise  to  this  and  to  other  theories, — as  the  ^ 
speculations  of  Grotius, — ^but  these  olyections  really 
appear  to  be  without  any  solid  foundation,  although 
at  first  sight  plausible  enough. 

When  it  is  said  that  the  same  matter  going  suc- 
cessively to  form  a  great  many  human  bodies^  the 
divine  or  infinite  power  itself  never  can  make  all 
men  rise  with  the  same  bodies,  because  it  is  an 
absolute  impossibility  that  any  one  mass  of  matt^ 
should  be  in  two  places,  or  belong  to  two  souls,  at 
the  same  time ;  it  is  assumed  that  every  one  par- 
ticle of  each  body  is  to  be  reunited  to  every  other, 
and  the  whole  body  to  the  soul.  Now,  not  only  is 
this  a  merely  gratuitous  assumption — it  is  plain 
upon  the  least  consideration,  that  it  is  contrary,  and 
necessarily  contrary,  to  the  very  idea  of  the  Resur- 
rection.    For  the  particles  of  any  given  body  at  the 
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time  of  its  d«ath  are  not  at  all  those  of  tlie  same 
body  two  or  three  years  before ;  nor  are  those  which 
conipoeed  it  three  years  before  the  same  with  those 
which  composed  it  six ;  and  thus,  if  the  words  Resur- 
fsction  of  the  Body  be  taken  Uterally,  not  only  must 
ssch  person   rise  as  he  died,  but  rise  with  twenty 
or  thirty  bodies  in  one,  which  is  manifestly  absurd. 
The  Christian  doctrine  is,  that  matter  shall  be 
tmited  wiUi  mind  in  a  future  state  as  it  has  been  in 
this,  or  at  least,    tliat  the  mind  sliall  revive  or 
bo  continued  with    matter*- with    some    body — 
though  iiow  long  the  union  is  to  endure  is  nowhere 
«id.   It  is  also  a  part  of  the  Christian  doctrinei  that 
the  Deity  created  matter  and  can  moukl  as  well  as 
croate.    Therefore  a  single  particle  of  the  former 
body  could  be  just  as  easily  formed  by  divine  power 
into  a  whole  body  resembling  the  one  last  united  to 
tile  soul  on  earth,  as  He  can  raise  that  body  or  con- 
tioue  the  existence  of  the  souL     Nor  will  it  only  be 
limilarity— -there  will  bo  identity ;  for  personal  iden- 
tity does  not  at  all  depend  upon  the  proportion  of 
psrticles  which  remain  united  with  oach  othor ;  else 
no  individual  could  feel  and  believe  that  he  was  the 
lame  one  year  as  another.    But  unleHS  this  or  some 
lucli  view  am  this  bo  taken  of  the  subjeci ,  the  objection 
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beeooMs  irrefkiiible.  Tbouglitlett  and  zealous 
prrMMEK  hare  foUKetiiiiies  fimded  diey  could  offr- 
ecMne  it  bjr  cajing^  that  with  the  Ddty  all  thingv 
are  posnble,  or,  tiluch  is  the  tame  thing,  that  bjr 
vorfcing  a  miracle.  He  can  gire  each  soul  esacAjilB 
former  body.  But  those  things  only  are  posriUe 
which  inroke  no  emAnditUOBB;  and  it  is  as  utter  a 
eon^iadictkn  in  terms  and  in  ideas  to  suppose  <fao 
same  f^rikiei  belonging  to  different  bodies  and 
different  souls  at  one  amd  the  same  time,  as  to  sup- 
pose that  the  whole  can  be  greater  than  the  sum  of 
all  its  parte.  So,  a  nnracle means  thesuspension  of 
the  laws  of  nature^  or  a  deriatmi  from  those  rules 
prescribed  by  the  dirine  power.  But  the  gif  ing  the 
same  particles  to  different  bodies  and  souls  at  the 
same  time  is  not  suspending  the  laws  of  nature,  but 
altering  the  truths  of  mathematics^  which  are 
necessary,  dear,  aiil  indisputable.  In  shorty  the 
slightest  attention  to  the  subject  must  diow  that 
the  sceptical  objection,  though  fodle  enough 
tdien  duly  considered  and  met  by  the  appropriate 
answer,  never  can  be  removed  by  any  sudi 
answer  as  those  unreflecting  persons  foncy  they  are 
giving  it,  when  they  only  affirm  the  extent  of  infi« 
nite  power. 
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Tb«  moiit  learned  and  most  orthodox  divinc»| 
iceordingly,  have  taken  views  somewlmt  nimilar  to 
here  unfolded.  Thua  Dr.  Ibbot,  in  hia 
(Doyle  Lecture,  ii.),  layt  it  down  aa 
daar  thai  there  ia  no  kind  of  necesaity  for  being 
able  to  delermino  whether  the  raiaed  body  ahall 
coBNai  of  the  aanus  parttcloa  aa  were  laid  in  ttio 
frave,  or  the  aame  several  particles  which  were 
aailed  to  the  soul  during  life,  or  of  particles  not 
is  iiniird,  or  whetlier  tlie  soid  shall  not  have  a  body 
cofisisCing  of  only  particles  of  matter  indifferently. 
These  diflerencos  he  holds  not  to  be  fundaniontid ; 
sad  this  ha  liolda  because  personal  identity,  the  grand 
pomi,  depenils  not  on  the  Ixnly  but  the  mind,  that 
ii  upon  memory*  But  he  adds  tluit  those  who  (|ucs- 
tieo  whether  we  shall  rise  with  any  Ixidy  at  all  are 
so  (Christians  (p.  77^},  0)*  It  has  alroa<ly  been 
mnarkedy  however,  tlint  some  v»ry  pious  (/hris- 
taans  have  ventured  to  call  this  p<mition  in  question ; 
tltbough  undoubte<lly  the  great  weight  of  authority 
i«  against  them ;  and  the  etymological  arguuMsnts 
all  tend  the  same  way. 

Dr.  .S.  (!larke  has  argued  the  quontion  learnedly 
tnd  ingeniously  which  (irotius  rained,  in  h\n  c^tle- 
bmted  treatise,  De  V Britain  lirligif/niM  ( 'hriiUanw, 
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QL  10).     Pk^rased,  as  it  should  seem,  by  the  seep- 
tical  oljecdoQ,  and  assuredly  more  "preaaed  than  he 
CKigfat  to  ha:fe  been,  this  great  wnter,  hardly  leas 
profound   in   his    theological   than  his   jnricEeal 
works,  eontended  that  a  constant  miracle  is  gmng 
on  in  the  human  body,  to  prevent  the  particles  of 
one  frame  erer  becoming  parcel  of  another  material 
firame.     So  that  we  are  called  upon  to  believe 
against  all  evidence,  as  well  as  all  probability,  ftat 
no  panicle  whatever  of  fluid,  or   solid,  or    gas, 
whicii  has  ever  formed  a  portion  of  the  body  of 
any  person,  can  be  assimilated  when  taken  into 
the  stomach  of  any  other  person,  or  indeed  of  any 
cydier  animal.     Now  it    is  hardly    necessary   to 
observe  that  this  hypothesis,  unlike  most  others 
upon  such  subjects,  is  not  only  wild  and  extravagant 
beyond  all  measure,  but  is  capable  of  being  brought 
to  the  test  of  experiment,  and  is  utteriy  contrary  to 
the  fact.     Any  animal  fed  upon  the  body  of  a 
human  being  will  be  just  as  well  nourislied  as  upon 
any  other  food,  and  so  there  can  be  no  doubt  would 
any  human  being  who  should  indulge  in  so  brutal 
an  act  of  cannibalism.     But  the  argument  of  Dr. 
Clarke  is  applied  to  show  the  groundlessness  of  the 
supposed  objection  which  had  driven  Grotius  to 
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ftsme  •ucfi  m  tbcorjr*  He  nhown,  Ant,  thAt  the  real 
kody  which  if  to  be  raifed  up  may  be  the  original 
— datia  or  fltamina,  and  all  the  rmt  merely  a  wiper- 
addition  of  bone,  musele«,  and  fluids,  only 
for  earthly  purpo«e8.  This  nueleut,  ha 
fbiaka»  may  rery  pofwibly  ne^er  undergo  any  change 
citbifr  during  life  or  at  death.  Secondly,  lie  itays  that 
them  may  be  «ome  seat  of  the  «oul  which  may  be 
maUrrial  although  ini(en«ible,  liome  nialtorof  a  very 
reined  nature  like  the  ieminal  principle  of  plarttg, 
or  aeminal  aura,  and  that  thiM  may  be  unalterable 
aad  indiMoluble' 

We  may,  luHrever,  remark, /rir/,  tliat  both  these 
fluppoeitiom  are  purely  gratuitous,  and  not  very 
probable  upon  physical  principles;  while  one  of 
them,  referring  to  tlie  seminal  aura,  rests  u|>on  an 
exploded  hypottiesis,  l*herefore  this  theory  is  less 
riHeommeoded  to  us  by  its  own  texture  Uian  the 
sttpfiosition  which  was  made  abore,  wbiU^  it  is  just 
as  gratuilous.  SeetrndLy,  there  seems  no  kind  of 
rfSfton  why  we  should  resort  to  any  hy[Ki(lie«is  of 
the  kind  to  answer  so  absurd  a  theory  as  t  hat  of 
Grotius ;  liecause  it  being  admitted  on  almost  all 
bftn/ls  that  the  doctrine  of  the  liesurrectiou  d/ies  not 
confjiMs  us  to  ttie  y^y  particleii,  ^t  any  rate  to  tl»e 
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whole  paitidet  of  the  earthly  body,  and  the  power 
of  the  Deity  orer  matter  being  an  admitted  part  of 
the  system,  no  difficulty  can  be  perceived  in  eon- 
eeiving  a  body  raised,  which  shall  hare  enough  of 
its  old  parts  and  a  suffident  resemblance  to  the 
whole,  for  preserving  personal  identity  through  the 
facuhies  of  the  mind ;  and  that  personal  identity  is 
the  great  object  in  view  throughout  the  whole 
inquiry. 

The  well  known  doctrine  of  St  Paul  upon  this 
subject  is  calculated  to  prevent  the  error  of  those 
who  insist  upon  entire  physical  identity,  and  to 
show  that  there  must  be  a  change.  Indeed  it 
might  seem  even  to  justify  the  supposition  of  a 
much  greater  change  than  we  have  stated. — '*  That 
which  thou  sowest,  thou  sowest  not  that  body  that 
shall  he:'—^'  God  giveth  it  a  body  as  it  hath 
pleased  him,  and  to  every  soul  his  own  body.** 
But  this  is  afterwards  qualified  and  explained.  ^  It 
is  sown  a  natural  body ;  it  is  raised  a  spiritual  body. 
There  is  a  natural  body  and  there  is  a  spiritual 
body.'' — ^*  The  first  man  is  of  the  earth,  earthy 
the  second  man  is  the  Lord  fi'om  Heaven.  As  is 
the  earthy  such  are  they  ako  that  are  earthy ;  and 
as  is  the  heavenly  such  are  they  also  that  are 
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UxDER  a  former  head  this  interesting  subject  was 
eoQs'idered  as  connected  with  Evils  of  Imperfection. 
It  furnishes,  however,  so  many  striking  proofs  of 
design,  that  some  fiuther  remarks  may  be  added* 

Some  have  objected  to  the  expression  as  grounded 
upon  an  assumption, — ^the  hypothesis  that  nature 
acts  in  each  instance  for  the  purpose  of  remedying 
some  mischief  which  has  been  done«  But  the  facts 
are  undeniable:  a  healing  process  takes  place;  a 
remedial  effect  is  produced;  and  the  expression 
only  states  the  fact  It  may  be  added,  that  the 
power  is  sometimes  preventive,  or  prophylactic  also. 
Thus  the  tendency  of  some  poisons  taken  into  the 
stomach  is  to  induce  vomiting,  which  throws  out 
the  offensive  matter  before  it  can  produce  its  dele- 
terious effects.  Such,  perhaps,  ^is  also  the  tendency 
of  profuse  perspirations,  to  throw  off  a  malady  in 
the  first  instance,  and  prevent  it  from  taking  hold  of 
the  system.  When  these  preventives  fail,  the  reme- 
dial power  is  required  and  comes  into  action. 
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^  convinced  have  tome  anatomists  been  by 
daily  observation  of  a  kind  of  active  povrer  per- 
rading  and  moving  the  system,  that  some  speak 
«f  iim  vital  energies  as  if  thought  as  well  as  life 
eoMjld  be  predicated  of  the  parts  of  our  system. 
The  celebrated  /ohn  Hunter  is  an  example.  That 
freat  and  original  physiologist,  being  any  ien' 
4eiicy  to  refining,  and  as  little  certainly  as  any  one 
uudtir  the  dominion  of  vulgar  prejudices,  speaks 
familiarly  of  limbs  and  bones  acting  in  disease,  or 
viien  suffering  from  injuries,  as  if  they  had  an  in* 
iMtion  of  inflaming,  and  knew  how  to  execute 
ii,  lliis  habit  of  expressing  himself  could  only 
have  resulted  from  constantly  observing  the  exact 
•4a|itMtion  of  natural  0|;>erations  to  the  uses  and 
wsflts  of  the  system  in  each  occasion,  and  the  exact 
foiocidence,  in  {M>int  of  time  as  well  as  in  proportion, 
of  tlie  supply  with  the  demand. 

'Hie  formation  of  bony  matter  when  a  fracture 
has  taken  pla^'^e,  aiKl  th«^  jntsitefi  of  the  broken  bone 
are  rttr{uired  tu  be  knit  together  again,  has  been 
iiMiitioiuKl  iK'fore,  and  thi^  ^hole  process  is  striking 
uA  iiMtriK'tivc.  First,  blo^xl  is  |K;ured  out  into  the 
frsi'tiire  ;  it  coagulates ;  s^ion  al)er,  very  small  or 
<«|iillary    SAottd-vt^wAti  sho<;t  inti>    the  coagulated 
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Eminem;  ibam-  gjaiuaibr  ftambiiff;  «id  iHMqf 
jms  daBgrnaboL  whicsk  ffiL  up  t6»  hradk  aad 
Init;  rittt  boDB.     Where   2  ifidbntMtt  kK  takfln 
pIiBBs  timm  is  no  abmlar  p wftUf^;.  hiitas  soott  aslbe 
imrinn  in  mfHinrf,  ami  riia  htmu  \%  m»  lyflict  d»  in 
a  f«r5  Sirifi  ii&ie  aO.  t6»  &»  appwnl!i»  rf  Aifr  j^ 
ifr  DBatuwiii  with  nqntfaAI  gegfiwtiai^  3»  is  sywdily 
teab&lBradrtfi»taBans<if  th»iii»dUff£l    £i«iiii)iere 
die  fliamraiimir  p^w^rM^  b»  pflo««di  iiiidfquile  and 
a  <iiB(MiKtJiiu.  taJte»  ptacTtfL  a»  vIb«i  hj^  s<nh»  natural 
defect  JtttJB-irMBwssrfsQiM^Vaaigt^tiwy  sink  Wider 
li»  prcsBve  cf  tl»  liod|]r>  n  Q«w  vttglMl  Imnff  Ar^ 
■poet  odker  boQes>  these  are  sIrenglliaiMd  addi- 
lioDaD  J  for  the  purpose  of  enaUin^  thnn  to  meet 
the  new  demand  upon  their  powers.    Thus  the  leg 
and  thigh  hones  are  fortified  hy  additional  aecre* 
tioDs  of  boDf  matter,  and  these  are  thrown  up  on 
the  yielding  side,  and  perpendicularly  to  the  line 
of  pressure,  with  as  manifest  a  design  of  straigthen- 
ing  as  is  shown  by  those  who  shore  or  prop  an  old 
walL     Again,  when  after  a  fracture  the  bone  of  the 
limb  is  set,  the  ends  may  overlap,  and  thus  the 
limb  be  shortened.    What  then  shall  become  of 
the  muscles  which  had  been  of  a  length  to  fit  the 
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of  d»e  bone?  Thosie  muieLee  imme- 
ftlrjy  bt^fHB  io  cboitea  mudi  heyood  their  origiaal 
■a^nrwl  «WBteaetiott»  aad  ihiey  Aoquir^  a  power  of 
iiirtlBMi-  <XNULtnheUoB  to  wt  (he  altered  length  of  the 
b  is  M  if  upOM  «ji)r  aeeMleot  bappeoiog  to 
p«it  of  •  wU^m'^ofpae,  whereby  it  had  ebaoged 
flU  <tif  nmiiWii»  the  iM^hbourtDg  p«rt«^  wholly  uiiaf- 
iscslsd  by  tfaeaeejdeat^  were  of  themnelves  to  ehaoge 
dhoir  4uBieii8ioM  or  thetr  position^  so  that  their 
aoLioft  flfaouJd  ako  be  varied,  atid  raried  exaetly  to 
ewit  ihe  allerat ioo  in  the  part  utbcted ;  thae  eonti- 
wniwg  the  noreiaeni  of  the  machiiie,  but  ia  a  dif» 
itmti  adj^etmcotp  aod  all  without  aoy  ittterfereaee 
ef  the  cMgiAeer. 

The  thfowiug  out  of  new  vessels,  or  enlarging 
amaJHer  lateral  ones,  in  order  to  continue  the  cireu- 
latioo  where  a  large  or  niain  one  has  been  etopped 
up,  or  cut  through,  is  aaot tier  example  of  a  kind 
wqually  striking.  But  (be  whole  progress  of  aneu* 
rism  aCtirds  perhaps  the  n^ost  rewarkabie  instance 
of  any  when  that  progress  is  fully  gone  through. 
This,  as  is  well  known,  is  a  tuuiour  furnied  by 
the  partial  bursting  or  giving  way  of  an  artery ; 
and  if  tlie  vessel  be  of  any  oousiderable  size,  death 
■uust  immediately  ensue,  but  for  a  process  which  as 
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immediately  takes  place.  The  blood  which  escapM 
on  the  rupture  of  the  vessel  coagulates  and  become! 
solid.  A  kind  of  temporary  plug  is  thus  afforded, 
and  time  gained  for  a  more  durable  repair  being 
supplied  by  a  more  solid  work  being  executed* 
Coagulable  lymph  is  formed  and  thrown  out,  and 
it  soon  become?  firm  membrane.  Layer  after  lay^r 
of  this  is  deposited,  so  that  a  bandage  or  coating  ii 
provided  sufficiently  strong  to  resist  the  continual 
pressure  from  the  impulse  of  the  blood.  Thus  the 
inflammatory  action  which  ensued  upon  the  rupture 
produces  a  new  substance  required  for  counter- 
acting the  effects  of  that  rupture,  and  enabling  the 
artery  to  continue  performing  its  functions  as  a 
conduit  for  carrying  the  blood  to  its  destination; 
and  this  fluid  itself  supplies  the  materials  with 
which  the  breach  in  the  conduit  used  for  carrying 
and  distributing  it  is  first  temporarily  plugged  and 
then  repaired,  as  if  the  water  in  a  pipe  were  to 
secrete,  first  a  sediment  or  lute  to  make  the  channel 
watertight,  and  then  different  plates  of  metal  and 
braces  to  mend  the  pipes  wherever  its  own  pres- 
sure had  burst  them. 

A  similar  provision  is  observable  where  a  tumour 
has  been  formed,  in  any  muscular  part  of  the  body. 
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b  mmmkm  bmn  «  norbid  fldioa  of  f  h<iie  paft« ;  but 

Mi  iIm  i^iogTMi  4if  the  ilMra^f  a  barrier  U  throfro 

np^  tUyem'mm  fomied  out  4if  ihr  blood ;  a  hard  wtsli, 

if  a  f  rw  eoiidffiMwd  mraibrmDa,  i»  feniiad  •ur** 

faaadiiiy  tha  iuwimr^  and  inierpoaMl  between  it 

tbr  heakbjr  poHioa  of  t^«e  limb. 

la  ibe  €mm  of  aneuriim^  howerer,  there  it  a  •till 

remaHuibie  yfmmiim  addefj.    The  preiwira 

be  felf^fved  of  the  main  itream  4A  blood  upon 

tbe  dbkuuBMfl,  trbieh  i»  no  longer  <^  euflleieot  tCrength 

1o  fWHtft  it,     A<»c;rdingly  blood-voMeU,  which  be* 

fa*  bad   iMivlljr  been  diioernible,  be^^in  to  work 

Mb  mum  emergy,mnd  aiecnlarfed  in  their  eapaeitjr« 

Ty^m  run  paralM  to  tlie  artery  injured,  and  eon* 

vejr  tbv  blood  wo  that  the  requimte  Mjppljr  confinuee 

W  be  uffonUii,  but  by  a  new  ffyntera  formal  and  in 

fjyufiti'yAk  U/r  the  relief  of  the  injure<i  channel,  a« 

*OM«  an  it«  Asuimfff'  lia*  by  the  fir^t  natural  opera* 

tioii  J/e^'fi  r^'paired.    What  eiigiweer — what  Hnngaton, 

Of  ••^•'fi  Wati  lumnflf,  ever  v/mH^rwiM  a  pi[M*,  wj/jh 

tW,  »)a^ij  it  wa«  frai^tiifi^l,  it  r/iul/i  m/t  only  pro* 

t/it;  it«^f  with  a  phjg  t/^  t^tay  iruriK^iiate  rnin/rhief 

afid  •'U'4.hUi  ^\ut  rfi«i/;hifje  t//  ^o  on,   hut  /^/ulij   aluo 

pfoi^le  uyVu'jm  for  a   j>ermanent  r<fpair;  mimI  not 

'/fjly  th;tft,  but  couhi  of  it4M$lf,  inin«ediately  after  the 
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accident,  form  new  conduits  and  other  parts  eiiactly 
fitted  to  continue  the  general  movement,  but  also 
to  afford  such  relief  as  the  injured  part  required, 
—relief  exactly  proportioned  at  once  to  the  amount 
of  the  weakness  occasioned,  and  to  the  extent  of 
the  service  required?  And  all  this  without  the 
necessity  of  the  engineer  himself  being  once  ap- 
pealed to,  or  any  extraneous  aid  called  in.  Is  there 
anything  like  this  in  all  the  works  of  these  great 
men?  Is  there  anything  more  marvellous  even 
in  the  works  of  the  grand  Artist  himself?  Yes — 
for  He  too  made  the  minds  as  well  as  the  bodiei 
of  those  men,  and  the  wondrous  mechanism  of  sucb 
minds  as  theirs,  and  those  of  the  Newtons  and  La, 
Places,  which  proceeded  from  the  same  hand,  in*^ 
comparably  surpasses  all  the  marvels  of  their  bodily 
structure. 


ASALmCJkL  VIEW 

SE^EARCIIES  OX    FOSSIL  OSTEOLOGY, 


TBCIA  AmJCATKiy  TO  VATf^-BAL  TUSOliOGT. 


Tbc  fnat  «'oHk  of  Cumr  ttands  amoog  thote  rare 
MOPiifiKenU  of  bumaji  geniu*  and  labour,  of  uliich 
earb  igy^mni  Ot  exiertioo  can  fsearcely  eter  fur- 
siiii  more;  thaa  ooe,  emioeDt  therefore  above  all  file 
crfaer  ^orU  roade  in  the  tame  kiiidL  la  the 
h*TA-*jtr  scwiiotft  the  "  Priocipia  '*  of  Newton,  and 
I'.,  k^er  time»  h«  cootinuation  and  extension  in 
l^l^]w:^\  "Mecanique  C«le«te/' — iu  mtellectual 
puiV/M/p^jy,  Locke' 1$  celebrated  work, — in  oratorj', 
LMuot* belief^ — in  poetry.  Homer, — *  leave  all  com- 

*  If  hut^li^  Lkv  v«!ffv  nut  a  l»cal  ]Mxiiiu|^  BM*j«r])r,  Fc&rot'f 
TiiiftiT^   lb  iij«  rXw^udrunr  vf  tL<r  pulpit,  HjJI  coBkes iM*«rer  ItuMillMi 
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pedtors  behind  br  the  common  consent  of  mankind ; 
and  Cuvier*6  Researches  on  Fossil  Osteology  will 
probably  be  reckoned  to  prefer  an  equal  claim  to  dis- 
tinction among  the  works  on  Comparative  Anatomy. 
Tliat  this  great  performance  deserves  to  be  atten- 
tively studied  there  can  be  no  doubt.  But  as  its 
bulk,  in  seven  quarto  volumes^  may  be  apt  to 
scttw  many  readers,  there  may  be  some  use  in 
giving  a  general  account  of  the  progress  of  the 
author*s  inquiries,  and  of  the  principal  results  to 
which  they  led  him,  and  more  particularly  in 
showing  their  application  to  Natural  Theology. 

Long  before  his  attention  was  called  to  the 
remains  of  animals  found  in  various  strata  of  the 
earth,  in  more  superficial  situations,  in  crevices  of 
rocks,  and  in  caves,  he  had,  fortunately  foe 
science,  been  a  skilful  proficient  in  anatomy,  both 
human  and  comparative.  But  the  first  steps  of  his 
inquiries  concerning  those  fossil  remains  showed 
him  how  much  he  had  yet  to  do  before  he  could 
implicitly  trust  the  received  accounts  of  the  animal 
structures.  As  regards  the  human  subject,  for 
obvious  reasons,  the  knowledge  possessed,  and 
which  the  ordinary  works  of  anatomy  contain,  is 
accurate  enough  and  sufficiently  minnte.     But  it  is 


fcr  otbvrwho  witfi  tha  nCnjctiirA  of  otW  animal*, 
Md  MpaeUiny  m  ragardu  tbrir  Oitoology*  Of  ihi« 
Onriar  found  to  many  inMtancoii,  that  ha  b^gan  hid 
tefcvtigationii  with  nuimining  minutely  and  tho- 
iMgbly  the  bonei  of  all  thoM  npeeiim  which,  or  tha 
iMnnblanciM  of  which,  were  nupponed  to  have  fijr- 
ayiMl  the  material  of  the  great  (leponiU  of  fofttU 
keiKt  00  altundant  in  almo«t  every  part  of  our 
ghlie^  Thin,  then,  wan  the  v^mmn  which  he  iriva- 
rbbly  punNied ;  and  he  never  attempted  to  draw 
aay  {nfereneef  reipeeting  the  foMil  animal,  until  he 
had  aeeurately  afieertained  the  whole  Onteology  of 
the  lifing  epecieff.  There  wan  obvioimly  no  other 
way  of  oxeluding  mere  fancy  and  gratuitoiM 
aaiiiiiiption  fl'om  the  inquiry,  and  making  the 
ieienee,  of  whidi  he  wan  really  to  lny  the  very 
CwfidatioD,  one  of  pure  roaMoning  from  actual 
obMrvation,  in  other  worvU,  one  of  utrict  induction. 
In  the  eour«e  of  bin  work  tliere  are  to  be  found 
•IriUnf  exampleff  of  the  mi«takiHi  into  which  for- 
Mer  im|uirer«  liad  been  led  by  UAgleeting  tbin  |>re. 
eamion.  Partly  by  relying  on  inc^irrcct,  th^yiigh 
generally  received,  deicriiytionfi, — partly  by  under* 
valuing  thif  requieite  comimrinonN  of  th<!  foMil  with 
thff  kutmn  botien, — partly,  no<louU,  by  giving  lor>«ie 
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to  £uicy,  obtening  the  remains  discovered  with  the 
Has  of  a  preconceiTed  opinioo,  and  making  the  iaet  i 
bend  to  a  theory — authors  had  committed  the 
most  grievous  errors,  hastened  to  conclusioiis 
wholly  unwarranted  by  the  fitcts,  and  often  drawn 
inferences  which  the  facts  themselves  negatived' 
instead  of  supporting.  Thus  M.  Faujas  de  St 
Fond,  a  geologist  of  great  learning  and  experience^ 
but  who  had  upon  a  very  scanty  foundation 
erected  a  dogma,  that  all  the  fossil  remains  be- 
longed to  animals  still  found  alive  in  different  parts 
of  the  earth,  and  set  himself  to  deny  the  novelty  of 
all  the  fossil  species  of  unknown  animals,  con- 
ceived that  he  had  at  length  himself  found  among 
those  remains  two  animals  which,  if  they  still 
existed  at  all,  could  only  be  found  in  the  interior 
and  remote  parts  of  India.  Of  these  supposed  dis- 
coveries he  published  the  drawings,  representing 
two  fossil  heads.  But  Cuvier,  upon  examination, 
found  one  of  them  to  be  exactly  the  auroch  or 
bison,  and  the  other  the  common  ox.*  A  more 
skilful  naturalist,  Daubenton,  describes  three  sets  of 
fossil  teeth,  in  the  King  of  France's  cabinet,  as  be- 
longing to  the  hippopotamus ;  and  upon  examination 

*  Recherches,  vol*  iv*  p.  108. 
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gf  thiWK  tetf  am  feaiid  tobe  ieeth  of  tiro  new  afid 
o  animalf,^  aad  tbo  third  alone  thoie  of  the 
hoive;  muI  Cftoiper,  one  of  the  greatest  aoato* 
rf  hM  age,  fell  into  a  umUar  error*  Upon  tba 
fmn^ffry  of  aone  feml  bones  in  the  Dtieby  of 
Ctifaa,  there  iraa  a  general  belief  that  they  were 
mme  lums  nature,  and  teveral  medical  men  wrote 
tudm  la  prof  e  it.  But  a  nearer  inapection  proved 
dMMilo  be  elephanU'  booet^f  The  town  of  Liscem 
Im4  m  earlkr  times  for  the  supporters  to  it%  arms 
a  giaat,  from  the  opinion  proiMunced  by  a  y^  ee- 
kabnted  physician  (Felii^  Plata),  that  the  bones 
4Neovered  in  that  canton  were  human  and  gigantic, 
though  Mumenbach  afbi»ifardi$  examined  them, 
awl  found  they  belonged  to  the  elephant.  Finally, 
Scheut^er  maintained  that  there  were  remains  in 
difereot  places  of  men  who  liad  perished  in  the 
I^Meral  deluge,  and  supported  his  opinion  by 
«neral  instances  to  which  tie  reierred*  Upon  exa* 
Miaatjon  these  have  proved  to  be  none  of  them 
kuuan  hordes;  but  one  set  are  those  of  a  water 
ssUmander,  i%hile  another  belong  to  a  newly -dis' 
eoref«d  animal  still  less  resembling  our  species. 
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being  something  between  a  lizard  and  a  fish** 
When  professional  anatomists  and  professed  natu- 
ralists could  fall  into  such  mistakes  as  these>  there 
is  little  wonder  that  a  statesman  like  Mr.  Jeffer- 
son^ however  illustrious  for  higher  qualities,  should 
conmiit  a  similar  blunder.  He  drew  from  the 
fossil  bones  discovered  by  General  Washington 
near  his  seat  in  Virginia^  and  to  which  his  attention 
was  directed  by  that  great  man,  the  conclusioii 
that  they  belonged  to  an  enormous  carnivorous 
animal,  which  he  named  the  Megalonyx.  Cuvier, 
from  a  more  correct  examination,  showed  the  crea- 
ture to  have  been  a  sloth  of  large  dimensions,  and 
which  fed  wholly  upon  the  roots  of  plants. 

If  these  examples,  and  they  might  be  very  greatly 
multiplied,  evince  the  necessity  of  a  cautious  exami- 
nation,  and  of  a  previous  attention  to  the  Osteology 
of  animals  with  which  we  are  fully  acquainted,  the 
success  of  Cuvier's  inquiries  also  shows  that,  with 
due  care  and  circumspection,  the  reward  of  the 
inquirer  is  sure.  The  connexion  between  the  dif- 
ferent parts  of  the  animal  frame  is  so  fixed  and 
certain,  and  the  species  run  so  little  into  one  an- 
*  Becherches,  vol.v.  pp.433  and  451. 
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•Cher,  that  k  requires  but  a  small  portion  of  any 
aaunal'e  remains  to  indicate  its  nature^  and  ascer- 
Inn  the  elass  to  which  it  belongs.  Each  small 
portion,  so  it  be  superfidal  of  bone— each  little 
hmy  eauneoce — has  its  distinctive  character  in  each 
tpecias  ;  and  from  one  of  these,  or  sometimes  from 
a  piece  of  horn,  or  of  hoof,  or  a  tooth,  the  whole 
aainal  may  be  determined.  "  If/' says  Cuvier,  "  you 
hwe  but  the  extrenoity  of  a  bone  well  preserved,  you 
■lay  by  attention,  consideration,  and  the  aid  of  the 
nsouroes  which  analogy  furnishes  to  skill,  determine 
■D  the  rest  quite  as  well  as  if  you  had  the  entire 
ikeletoo  submitted  to  you.'"*'  Before  placing  entin^  re- 
Kanee  on  such  an  induction,  this  great  observer  tried 
■any  experiments  on  fragments  of  tlie  bones  of 
known  aniinalsy  and  with  a  success  so  unvaried  as 
|ave  him  naturally  implicit  confidence  in  liis  uietliod 
vlien  lie  came  to  examine  Fossil  liemains. 

Among  those  he  discovered  a  number  of  animals 
wholly  unknown,  and  of  which  no  individuals 
have  existed  since  the  period  when  tlie  au- 
thentic liistory  of  our  globe  and  its  inhabitants  has 
been  recorded.     Out  of  tlie  150  which  he  iiives 

•  iUclwrchcf,  vol  L  p.  52.  We  hav«  uii«d  the  esprenvion  «k«U}- 
tpa ;  the  author  »ay»  animal,  but  manifentiyy  from  what  fuUuwi, 
Uw  if  incorrect. 
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tjgated  about  90  were  either  of  new  orders,  or  of 
new  genera,  or  new  species  of  genera  still  living  on 
the  earth.  Considered  in  respect  to  genera,  there 
were  in  the  49  unknown  species,  27  which  belonged 
to  unknown  genera,  and  these  genera  amounted  to 
seven.  Of  the  remaining  22,  16  belonged  to  known 
genera  or  sub-genera;  the  total  number  of  genera 
and  sub-genera,  to  which  he  could  reduce  the  whole 
of  his  fossil  species,  known  or  unknown,  being  36. 
It  must,  however,  be  added,  that  it  is  very  pos- 
sible the  remaining  60  also  may  be  of  new  spe- 
cies ;  for  as  he  only  had  the  bones  to  examine,  it- 
does  by  no  means  follow  that  the  living  animal  did  not 
differ  as  much  from  the  ones  which  have  the  same 
Osteology,  as  the  mule,  or  the  ass,  or  the  zebra  do 
from  the  horse,  the  jackall  from  the  dog,  or  the  wolf 
from  the  fox ;  for  the  skeletons  of  a  zebra,  an  ass;, 
and  a  horse,  present  the  same  appearance  to  the 
osteologist ;  so  do  those  of  the  jackall,  the  dog,  the 
fox,  and  the  wolf;  and  yet  the  same  bones  clothed 
with  muscle,  cartilage,  skin,  and  hair,  are  both  to 
the  common  observer  and  to  the  naturalist  animals 
of  a  different  species  or  subdivision.  This  consi- 
deration is  to  be  taken  into  the  account  as  a  deduc- 
tion or  abatement  from  the  certainty  which  attends 


mc  i»Uk^»(  itm  iniH4*M4  m't<  ^'*Ai^'^^i  ^44  ik^mi^  m 
Ur  »am4«  M^'  mi4mH\  t^muu ;  O;  f4^4¥,  it  ^m 
pf4  iim  ff^ofiwU  i^  ^Ui^i4  0«^  A^^^r^l^y  (^^'M^^iMii^M^ 

INvi  ^  Ynm,  ikM  fiitfMiim^'*m'H  Ik^^t^i  »iiiiM^',  fit^f^ 
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imbedded  in  strata,  at  greater  or  less  depth,  aad 
of  various  kinds^  and  at  various  inclinations ; — or, 
secondly  J  mixed  together,  and  with  earthy  matter, 
in  caves,  and  in  rents  or  fissures  or  breaches 
formed  in  rocks; — or,  thirdly,  scattered  more 
sparingly,  and  as  it  were,  solitarily  in  alluvial  soil 
or  superficial  detritus,  in  portions  of  the  earth,  ap- 
parently while  it  wore  its  present  form,  and  was 
peopled  by  all  or  most  of  its  present  inhabitants. 
In  the  latter,  and  the  more  important  point  of  view, 
those  remains  are  either  found,  first y  in  the  beds 
which  were  deposited  by  the  waters  of  a  world  before 
the  existence  of  either  human  beings  or  the  greater 
number  of  living  genera  of  animals — as  in  the  copper 
slate  of  Thuringia,  the  lias  of  England,  the  clay 
of  Honfleur,  and  the  chalk — in  these  strata  the 
remains  of  reptiles  are  found  with  extinct  species 
of  marine  shells,  but  no  vertebrated  animal  higher 
than  fishes ; — 6r,  secondly,  in  the  strata  depostted 
by  the  sea,  after  it  had  destroyed  the  first  rae^ 
and  covered  the  land  they  lived  upon, — and  in  tbeia 
beds,  which  at  Paris  lie  on  the  chalk,  are  to  be 
found  only  animals  now  extinct,  and  of  which  most 

of  the  genera  and  all  the  species  differ  from  any 

i 

we  now  see ; — or,  thirdly,  in  the  strata  deposited  \ 
by  the  sea,  or  in  fresh-water  lakes, — and  in  these 
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kter  tertiaiy  Ueds  are  to  be  found  aiiiniaU  now 
ttduioim,  but  retiemblin^  the  present  race^,  boing 
diSmnt  species  of  tbe  same  genera,  or  appa- 
M«dy  of  families  tiiill  living,  but  not  now  in- 
hMtlng  the  satna  countries,  or  living  under  the 
aune  dimati^s; — or,  fourthly,  in  placeH  where 
riveffii,  lakes,  morasses,  turf-bogf^,  have  buried  the 
KBUtns  of  existing  species ;  and  as  thef;e  changes 
«f  a  limite<l  extent  have  happened  lo  ttie  globe, 
eoottituted  as  it  still  is,  those  aninialK  appear  to 
hife  been  for  the  mo^t  part  irlentical  with  the 
■ahnals  which  we  still  see  aliye  in  various  parts 
sf  the  world,  at  least  as  far  as  their  skelelons  can 

Paris  is  the  centre  of  a  niont  extraordinary  geo- 
logical district.  It  is  a  liasin  of  twenty  leagues, 
hftweeu  fifty  and  HJxty  KngliHh  milen,  in  diamet/fr, 
•Utnding  in  a  very  irregular  form  from  the  Oine 
MvCompiegne  on  the  north,  to  the  Canal  de  Lory, 
hqroiid  Kontaiutfbleau  on  this  south,  and  from 
Mantes  on  the  Seine  upon  ttu*  w<*st,  io  Mont- 
•irailon  the  east ;  comprehending  within  its  circuit 
Ikt  towns  of  Paris,  Vernailles,  Fontainubleaui  Ks- 
tampea^  Bleaux,  Melun,  Senlis,  Nangis,  and 
coming  close  to  Soissons,  Gisors,  Bcauvais,  Men* 

o2 
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tereaii   on  the  Yonne,  Nogent  on  the  Seine^  and 
Conde;    but   not  being  continuous   within  these 
limits,  for  it  is  frequently  cut  off  in  islands^  and  every- 
where towards  the  outline  deeply  indented  with  hap! 
This  vast  basin  consists  of  six  different  formations; 
in  part  calcareous,  but  in  some  of  which  gypsum- 
is  so  plentiful,  that  the  quarries  dug  in  it  go  by  th^ 
common  name  of  the  Plaster  of  Paris  quarries,  and 
indeed  gypsum  has  derived  its  common  name  from 
these.     The  lowest  bed  upon  the  chalk  is  composed 
of  plastic  clay,  and  it  has  covered  both  the  plains  and 
the  caves  of  the  district.     This  bed  is  full  of  fossB' 
remains,  very  many  of  them  belonging  to  unknot^ti 
animals,  and  it  also  contains  fragments   of  itk*; 
which  have  come  from  a  great  distanced     Above 
this  bed  is  a  layer  of  gritty  limestone  and  shelly' 
grit,  of  salt-water  formation.     Then  come  in  sue-' 
cession,  silicious  limestone,  fresh-water  gjrpsum,  and 
sand  and  grit  without  shells.     The  fourth  fonnatibn 
is  sandy,  and  of  marine  origin.     The  fifth  has  firesk    i 
water  remains  and  animals.     The  disposition  of  tte'    I 
land  around  and  forming  this  Basin  wears  in  all  re-    { 
spects  the  appearance  of  having  been  broken  in  upon    \ 
and  hollowed  out  by  a  prodigious  irruption  of  water 
from  the  south-east.    Considerable  corrections  haW 
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nioe  beea  made,  evpecially  as  regards  the  second 
Hfed  tli&rd  of  tbetse  formations  of  Cuvier. 

It   appears  iliat    the    base    or   bottom  of  the 
Rkmi  liamn   must   have  been   originally   covered 
idlb  tbe    tea.      Different    parts    of   the   ground 
we  ibrs   eovered   wiith  fresh-water  lakes,   from 
vUcb   gyptum    aiid    marl  were  deposited,   filled 
Mb  tbe  bones  of  animals  tiiat  hved  on  their  banks 
or  ia  tJheir  islands,   and  died   in   the   conri^e   of 
■Cture.     After  this  deposition^  the  sea  again  occu- 
pied tbe  ground,  and  deposited  sand  mixed  with 
ihdls;  and  when  it  left  tiie  land  dry  for  the  last 
tinr,   there   were    for    a    long    wiiile  ponds  and 
■larHbes  over  tlie  greater  part  of  the  surface,  which 
tbiM  became  covered  with  strata  containing  fresh- 
aatcr  sbells,  the  base  of  those  strata  consisting  of 
a  fiecubar  stone  found  in  fresh  water,  and  occurring 
ia  aiauy   parts    of  France.      The    fostsii   remains 
is  this  great  basin  exhibit  little  variety  of  families; 
and  tbe   vegetable  remains   sliow  that  the   plants 
were  confined  to  palms    and    a    few    others    now 
unLiioiru   in  Kuro^ie.      As   the    great   continents, 
wiiicb   offer   a    free    communication    throughout, 
aie  inhabited  by  a  great  variety  of  animals,  while 
\ew  Holland  and  the  other  islands  in  the  South 
have  only  a  very  few,  and  ttiese  almost  all  of 
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tlio  same  family,  vso  may  conclude  that  the  land 
forming  the  Paris  basin  was  originally  surrounded 
by  the  soa. 

The  dcposit»  in  the  rents  or  fissures  of  the  strati 

may  now  be  briefly  mentioned,  and  they  present  a 
very  singular  subject  of  contemplation.  They  am 
found  all  around  the  Mediterranean,  at  Gribraltar, 
Cette,  Antibcf,  Nice,  Pisa;  in  Sicily,  Sardinia,  and 
Corsica;  at  the  extremity  of  the  kingdom  of  Naples; 
on  the  count  of  Dalmatia;  and  in  the  island  of 
Cerigo.  Tlie  body  of  the  deposit  is  calcareous,  and 
of  the  same  kind  in  all  these  gaps  or  fissures.  The 
same,  or  nearly  the  same,  bones  are  everywhere 
found  imbedded  in  it ;  they  are  chiefly  the  bones 
of  ruminating  animals ;  and  beside  those  of  oien 
and  deer,  there  are  found  those  of  rodents,  a  kind 
of  tortoise,  and  two  carnivorous  animals.  In  these 
fissures  there  are  many  land  but  no  sea  shells;  and 
the  matter  that  fills  them  is  unconnected  with  other 
strata.  It  follows  from  the  first  fact  that  they  most 
have  been  consolidated  before,  and  at  the  time 
when,  the  sea  came  over  those  countries  and  de- 
posited shell-fish  in  the  other  strata;  and  from  the 
second  fact  it  follows  that  they  must  have  been 
formed  when  the  rocks,  in  the  rents  of  which  they 
are  found,  were  already  formed  and  dry.     Hence 
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L*  fibiMJr^f  depo«i(4  are  modem  comyased  to  IIjmj 
•miii  wkicii  were  forniad  at  the  boUom  of  tlu^  MHi 
and  of  lakeo*  Nor  (lo«»  any  oi)eraUon  iiow  going 
(M  UfMNi  our  globe  bear  tlie  te^rni  ret^emblaiice,  in 
CnviM'**  jiidgmeni,  to  tiuii  by  which  iUoim  depotfito 
■Mitt  liiive  been  luede,  IJp>n  thii5,  however^  great 
««itfwen»y  ha«  erim^n  among  hi^ij  ttuccosi^on^. 

It  wtts  iieceaeary  thai  we  tihouM  »hoiiiy  ad  veil 
io  tlie  places  wliere,  tor  the  niot^t  paii,  these  i'oml 
WfawiiM  are  tbund ;  in  <loing  bo  wo  have  anlicJpated 
a  few  of  tlu>  <roiicluMon»  deduce<l  from  the  <;oa- 
nidmuiou  of  tiie  whole  subject.  We  are  now  to  bee 
vImmI  ftMulU  were  afforded  hy  Ciiwlera  curd'ul  exa- 
Aiiiiafion  of  the  reniain»^  which  he  intitituU'd  alter 
kf  had  with  ^'nuA  care  asceiiaincd  th<^  4;xa<'t  ()i»te- 
4#lo^y  of  the  living  uninmlb  in  i'a(rh  ciim'  v^)i^)'ii  the 
fo«^l  n-*niain«  apjM^ai'eil  to  oifor  a  re!MiUil;lan<;(^  \\ith 
eiutftiog  ti'ibt'4». 

'i'lie  Jir*'i  \mr\  of  Cnvier  :i  n^bcurrhoi)  in  occupied 
•illi  the  parhydetttialouji^  aniniali^  who^;  nMnijinsi 
are  iouiul  in  alluvial  dt'jx/biii^. 

'Hie  atCAmd  part  con»isit.:»  of  two  t^ubdivit^ioiib  -  in 

oue  of  which  are  given  minutely  the  wiiolc  dHaiU 

of  tile  Fari«  iia^in — in  the  other  sulxli  virion  tin;  exa- 

Dunation  of  the  aiiimal  rcmahis^,  beginnijig  witii  thti 

*  4iiinnlg  vitb  tiick  »Luw/  4m  \Xm  cW^littut,  Iavim;,  hog. 
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pachydermatous,  and  then  the  others  that  aeoom- 
pany  them,  whether  quadrupeds,  reptiles,  fishes,  or 
birds.  So  that  the  Pkris  Basin  is  made  the  ground 
of  this  arrangement,  and  its  Fosal  Zoology  is  gone 
through  without  much  regard  to  the  general  ar- 
ranofement  of  the  rest  of  the  work.- 

The  third  part  is  occupied  with  the  ruminant 
animals,  unless  in  so  far  as  one  of  its  subdtvidons, 
treating  of  the  gaps  or  fissures  of  the  Mediterranean, 
also  treats  of  the  few  other  animals  which  ara 
there  found  beside  the  ruminant. 

The  fourth  part  is  occupied  with  camivwwi 
animals — the  fifth  with  rodents^ — ^the  sixth  with 
toothless  or  edentate  animals — the  seventh  with 
marine  mammalia — the  eighth  and  last,  and 
perhaps  the  most  interesting  of  the  whole,  with 
reptiles;  including  the  anomalous  species  newly 
discovered,  which  partake  of  the  nature  at  once  of 
the  reptile  and  fish  or  of  the  reptile  and  bird. 

As  no  arrangement  is  yet  made  of  these  fossil 
animals  under  any  of  the  heads  which  we  have 
stated,  we  are  at  liberty  to  adopt  any  order  that  may 
appear  most  convenient ;  and  we  shall  accordingly 
begin  with  those  which  at  first  appeared  to  resem- 
ble the  known  species  of  the  rhinoceros,  the  hip- 
popotamus, and  the  elephant,  and  which  a  careless 
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would  unquef^tionably  hare  ocmfbunded 
wkh  tluM«  MohmtU ;  but  they  irere  soon  ascertained 
I»Im  djflertmt 

L  Of  tb«  Cttttfil  rhinoceros  (bur  distinct  species  hare 
%Beu  fcufid  ;*  aiod  tliey  are  all  dit»tin^uisbalile  from 
tfe  iwr  kiKmn  kinds  of  rhifioceros — ^those of  India, 
Jita,  iSumatra,  and  ttie  Cape«  17ic*  fos^l  animal 
Wd  a  bead  both  larger  and  narrower  tlian  the 
Itm^  kifids^  aind  much  larger  in  |iro[K>rtion  to  his 
kdr.  lie  isa»  adso  much  lower,  and  a  more  creep 
ii(  «iiimaL  He,  for  the  mo«t  part,  had  either  no 
ttckire  t^^h  or  very  small  ones,  but  one  sjiecies 
ktd  these  ij(  a  good  size.  One  of  the  fos«il  species 
k  diirtingimh^^d  from  all  the  four  known  ones  and 
bom  tlie  ^Ah**r  three  (tihhA  onen,  by  a  i$till  more 
Uii^l  peculiarity;  his  nobtrik  are  dnid^'d  from 
«Mii  other  not  liy  a  gristly  or  cartilaginoii«<,  Vnit  by 
tUoy  yaktiixvm,  wheiice  the  name  of  Tichf/rhinun\ 
lu»  been  given  to  him,  th<5  three  others  Wing 
^KtmtA  L0epUfirhinvJit,\  InctJfitvM,  aiicl  Minuiim, 

The  grinding  teeth  of  ttie  l^ichorhinus*  are  also 
Wd  to  have  a  pe^^uliarity  which  no  other  U?eth 
*itW  of  any  living  or  any  fossil  animal  have,  'iliey 

*  Of  IbMr  tlMHr«  Ax«  DKnr  bum;  tj/eciei,  ftv«  biivixj;^  Urt^n  ^S-g- 

G  3 
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are  indented  at  the  base  in  one  of  the  ridges,  after 
being  worn  down  by  use.  This,  as  well  as  the  bony 
partition,  affords,  therefore,  the  means  of  discovering 
the  species.  The  use  of  the  partition  apparently  . 
was  to  support  the  weight  of  two  large  and  heavy 
horns  on  the  nose. 

The  history  of  the  first  of  these  species,  tlw 
Tichorhinus,  furnishes  a  remarkable  example  of  the 
errors  into  which  even  able  and  expert  observeff 
may  fall  when  they  make  more  haste  than  good  * 
speed  to  reach  a  conclusion.     A  missionary  named 
Campbell  having  sent  home  the  head  of  a  rhinoceros, 
being  one  of  several  killed  close  by  his  residence, 
and  well  known  to  have  been   so.   Sir  Everard 
Home  compared  it  with  a  fossil  head  from  Siberia, 
sent   by  the  Emperor   of   Russia  to  Sir  Joseph' 
Bankes ;  and  finding,  as  he  thought,  that  it  was  of 
the  same  species,   he  very  rashly  inferred  that 
the  position  which  affirms  the  existence  of  unknown 
animals  among  the  fossil  remains  was  much  weak- 
ened by  this  supposed  discovery.     Cuvier  made  a 
more  accurate  comparison^  and  found  that  the 
Cape  skull  was  materially  different  from  the  fosidl 
one,  but  resembled  the  head  of  the  existing  species, 
which  Sir  Everard  Home  had  also  denied.     The 
most  remarkable  omission,  however,  of  the  latter 
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was,  his  never  looking  to  see  if  there  existed  a  bony 
partition  between  the  nostrils.  This  Cuvier  did, 
and  found  it  cartilaginous  and  not  bony.  So  that 
the  most  singular  of  the  new  and  unknown  fossil 
ammals  belonging  to  this  class  remained  still  a 
novelty,  even  if  Sir  Everard  Home  had  been  correct 
in  all  the  comparative  examinations  which  he  ever 
did  make;  and  his  conclusion  of  fact  from  that 
comparison,  even  if  admitted  to  be  well  founded, 
bad  no  bearing  whatever  upon  the  general  position 
against  which  he  had  pointed  it. 

The  extraordinary  fact  of  a  portion  of  one  of 
these  ancient  and  lost  animal's  muscular  substance 
and  skin  having  been  foiuid,  is  further  to  be  men- 
tioned.    In  a  block  of  ice  on   the  banks  of  the 
Wilujii,  ariver  of  Siberia,  there  was  discovered  this 
huge  mass  of  flesh,  about  the  year  1770.     It  was 
found  to  have  longish  hair  upon  parts  on  which  the 
existing  rhinoceros  has  only  leather ;  consequently 
it  must  have  lived  in  a  colder  climate  than  the 
present  animal  inhabits.     But  it  appears  to  have 
been  killed  by  some  sudden  catastrophe,  and  then 
to  have  been  immediately  frozen,   else  it  would 
iave  undergone  decomposition  like  the  other  re- 
nains  of  which  the  bones  alone  are  left. 
There  are  two  species  of  living  elephants,  the 
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AfirieflUi  and  the  Amatic ;  tbe  fbmier  dwtinguitbQi 

from  tlie  latter  diiefl j  by  tbe  kngtb  of  hk  tadai^ 

bj  a  peculiar  dispoaition  of  the  enamel  m  the 

jaw  teeth,  and  bjr  never  having  been  tamed,  at  least 

in  modem  times.    The  fbaril  dqibant  resembles  the 

Asiatic  species  most,  but  differs  in  some  paateml 

particuIarsL  It  has  long  tusks^  sometimes  exceeding 

nine  feet  in  length ;  the  jaw  teeth  are  differently  set; 

the  under  jaw  of  a  different  shape,  as  wdl  as  other 

bones ;  and  from  the  length  of  the  socket  bones  of 

the  tusks  the  trunk  nnist  have  been  ako  very  diC> 

ferent.  These  remains*  are  found  in  great  abundanee 

both  in  Europe  and  in  America,  in  neither  of  which 

parts  of  the  ^[lobe  are  there  now  any  living  elephants 

of  any  species  produced.     In  the  same  strata  and 

caves    other  animals  are  also  found  both  of  the 

known  and  extinct  classes;  and  occasionally  shelb 

also.    The  elephant's  bones  are  chiefly  discovered 

on  plains  of  no  considerable  elevation  and  near 

the  banks  of  rivers.    They  never  could  have  been 

transported  by  the  sea  over  the  mountains  of  Tar- 

tary,   upwards   of  20,000  feet  in  height^   which 

separate  Siberia  from  the  parts  of  Asia  where  the 

elephant  now  flourishes.     It  must  be  added,  that^ 

beside  those  bones,  a  still  more  perfect  specimen  of 

*  There  are  now  known  eight  tpectefl  of  thif  foiiil  elephant. 


OOTIBB.  138 

fhm  «oft«r  parti  has  been  pmenr^  by  the  aeUon  of 
cold  than  we  have  of  the  rhinoeeiot.  In  the  saoM 
aoantvy^  near  the  mouth  of  the  ri? er  Lena,  a  mate 
•f  iee  was  found  m  1799  by  a  fisherman,  which  he 

lid  not  break  or  move ;  but  in  the  course  of  the 
summer  it  partially  melted,  when  it  was  found 
la  eootain  an  entire  elephant  froxen.  The  neigh* 
benroig  Tartars  witli  ttieir  dogs,  and  afterwards  the 
besfi,  destroyed  the  greater  part  of  the  flesh,  but 
the  skin  and  bones  were  saved.  It  fias  found  to 
have  hair,  and  even  woolly  hair  or  fur,  upon  dif* 
fiwcDt  parts  of  thf  body.  It  must  then  have  been 
cakulated,  like  tlie  animal  of  the  Wilujii,  for  living 
in  a  climate  much  colder  than  ttiat  of  India  or 
Africa,  and,  like  tliat  rhinoceros,  it  niu^t  liave  been 
frosen  immediately  after  its  death.  Itit  tusks  were 
circular,  and  nine  feet  (near  ten  Knglinti)  long. 

Of  the  liipi>oi>otaniu»,  two  Hjiecitfft*  have  been 
found  ansong  the  fot«ftil  bones,  botli  no  different  from 
all  living  aniinak,  that  every  one  bone  of  each  differs 
from  any  otiier  known  bone;  ho  tiiat  even  if  an 
error  nhould  have  been  committed  in  conn<*cting 
tlie  different  bone»  togetlicr,  there  muvt  be  not  only 
two,  but  more  than  tuo,  new  species  thus  discovered. 
These  animals  abound  in  the  great  deposit  of  fossil 
*  Tve  BKifc  qtsdcs  k»f e  mac*  beeu  f<9uiid« 
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bones  in  Tuscany,  in  the  valley  of  the  Amo^  and  at 
Brentford,  in  Middlesex.  There  are  two  other  fossil 
species,  of  which,  however,  less  is  known ;  one  of 
these  is  very  small,  not  larger  than  a  common  hog. 

Three  pieces  of  a  jaw  bone,  with  some  fragments 
of  teeth,  have  been  found  in  Siberia ;  which  upon 
examination  prove  to  have  belonged  to  a  singular 
species,  resembling  both  the  rhinoceros  and  the 
horse,  and  forming  probably  the  link  between  these 
two  animals.  The  size  is  larger  than  the  largest 
fossil  rhinoceros.  The  discoverer,  Mr.  Fischer, 
has  named  it  the  Elasmotherium,*  from  the  thin 
enamel  plate  which  winds  through  the  body  of  the 
tooth  in  a  peculiar  manner. 

But  much  more  is  known  of  a  lost  species  which 
approaches  the  elephant,  although  differing  in  some 
important  respects  both  from  the  living  and  the 
fossil  elephant.  The  most  remarkable  difference 
in  the  osteology  is  presented  by  the  jaw  teeth^  which 
have  the  upper  surface  mamellated  or  studded 
with  nipples;  from  whence  Cuvier  named  it  the 
Mastodon.-f  When  these  tubercles  are  worn  down 
by  use,  the  sur&ce  of  the  tooth  has  a  uniformly 

t  Or  Mastodoate,  which  is  sometimes,  but  umiecessarily,  ren- 
dered by  Maftodonton :  fMt^r«s,  mamilla. 
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pisM  or  tmifbrmly  concave  surface.  The  structure 
•f  the  werUlbrm  shows  it  to  have  been  a  weaker 
aatmal  than  the  elephant;  and  the  b<;lly  was 
eonsiderably  smaller.  The  lower  part  of  the 
ton  leg  was  lon^er^  and  the  upper  joint  nhorter ; 
tke  shoulder  one-ninth  shorter  too.  Tli<*  pelvis 
VIS  more  depressed;  the  tibia  and  thi^h  bones 
Mflterially  thicker;  and  the  body  a  good  deal 
loofer  in  proportion  to  the  height.  As  it  M  upon 
vegetables,  and  had  a  rfiort  neck  and  feet  unfit  for 
Bving  in  the  water,  it  must  have  hail  a  trunk ;  and 
it  also  had  tusks.  It  seemH  U}  have  fed  upon  the 
loAer  parts  of  vegetables,  and  to  have  inhabited 
marshy  ground.  Six  sjiecies*  have  been  (li8covered 
of  this  animal,  chiefly  diflTering  from  each  other  in 
the  teetli ;  and  of  tliese  six,  two  only  are  v  '1  known. 
Hie  mastodon  waH  long  sup])Of»ffd  to  be  pcMjliar  to 
America,  and  was  nometimes  called  the  Ohio  animal ; 
but  there  have  Mince  been  found  teeth  in  different 
ptrts  of  Europe,  evidently  bi4onging  to  the  two 
better  known  S{)ecie8 ;  and  the  other  four  kindH  are, 
to  all  appearance;,  Kuropean. 

In  the  same  strata  witli  the  renuiinH  of  elepliants, 
rhinoci^roses,  and  ot  hi»r  anii naU  bot  h  of  extinct  genera 
and  species,  are  ahiio^t  evcrywlierc  found  the  bones 
*  Fift  more  uimitu  have  since  been  di»ea?ered. 
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and  teeth  of  horses,  very  nearly  resembling  those  of 
the  ammal  now  so  well  and  universally  known.  It  yet 
happens  that  for  want  of  due  attention  to  a  brandi 
of  anatomy  more  familiar  to  us  than  any  except  the 
human,  naturalists  have  constantly  fallen  into 
error  in  examining  fossil  bones.  Thus  Lang,  in  his 
history  of  the  figured  stones  of  Switzerland,  took  a 
horse's  tooth  for  a  hippopotamus's ;  and  Aldrovan- 
dinus  in  one  work  describes  teeth  of  that  class  as 
giants',  and  in  another  as  horses' ;  while  several 
authors  have  confessed  that  they  could  not  tell  to 
what  tribe  such  remains  had  belonged.  Cuvier  did 
not,  therefore,  deem  himself  released  from  the  duty 
of  fully  examining  the  common  horse's  osteology, 
merely  because  of  the  frequent  and  minute  descrip* 
tions  which  had  previously  been  given  of  it ;  and  his 
intimate  acquaintance  thereby  obtained  with  the 
nature  of  every  bone  and  tooth,  has  enabled  him 
to  pronounce  with  confidence  upon  the  existence  of 
horses  hke  our  own  among  the  unknown  animals 
which  inhabited  the  earth  before  the  vast  revolutions 
that  changed  both  its  surface  and  its  inhabitants. 
He  has,  however,  justly  noted  the  fact  that  there 
is  no  distinguishing  the  bones  of  the  horse,  the  ass^ 
the  mule,  and  the  quagga ;  so  that  very  possibly  these 
remains  may  have  belonged  to  any  of  those  animals ; 
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ind  rery  pomibly  also  to  none  of  thorn,  but  to 
wme  fifth  fipecieti,  now,  with  tlie  mastodon  and 
0Chrr  cotitotnporary  unimalA,  extinct,  llio  samo 
lemark  is  of  course  applicable  to  the  bones  of  the 
bog  and  tho  wild  boar,  found  occasionally  among 
other  foMtl  remains. 

Tile  tapir  family  in  many  imiK>rtant  particulars 
revenibleH  tho  rhinoceros ;  and  those  are  often  found 
in  the  same  tertiary  strata  with  the  rhinoceros, 
I'lqiliantf  and  mastodon^  several  species  now  wholly 
extinct,  but  allied  to  the  tapir.  Two  of  these  nmst 
hare  been  of  ])rodigious  sisse,  the  largest  18  feet 
(VJi  Knglish)  long  and  11  (nearly  12  English) 
high.^  But  thrre  are  other  species,  to  the  number 
of  twelve  at  lc»aHt,  wliose  size  differs  little  from 
that  of  the  tapir;  the  bones  are  s<imewhat  dif- 
ferent however,  and  particularly  the  teetli,  which, 
from  the  eminences  or  ridges  upon  them,  Cuvier 
made  the  ground  of  the  genus,  to  which  he 
etve  the  name  of  LophiofloiLJ  It  is  in  different 
p«rts  of  Franco  that  all  these  species  wore  fir^t 
found;  tho  smaller  ones  always  in  strata  of  fresh- 
water sholls,  and  in  company  with  romaitis  of  either 
unknriwn  land  animals,  or  croc(Klii<*s  and  other  river 

*  Thift  U  ovw  belter  known,  And  i«  called  the  Pinulhrium* 
\  A»ft$Wf  •  imall  bill|  etniaiiuce/  orridge. 
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animals  now  found  in  hot  climates ;  and  in  several 
places  the  strata  in  which  they  occur,  have  been 
covered  over,  after  they  had  been  deposited  and  their 
bed  consolidated,  with  strata  of  an  origin  unques- 
tionably  marine.  By  far  the  greater  part  of  fosul 
remains,  both  those  which  have  been  already  de* 
scribed  and  those  which  we  are  afterwards  to  con* 
sider,  have  been  found  in  sandy,  or  calcareous^  or 
other  earthy  strata.  But  some  few  are  ako  found 
in  imperfect  coal  or  lignite.  In  the  part  of  the 
Appenines  where  that  range  meets  the  Alps  there 
is  a  tertiary  coal  stratum,  and  in  it  have  been  found 
two  new  genera  of  pachydermatous  animals^  and  a 
third  in  the  fresh-water  deposit  near  Agen.  Cuvier 
calls  these  Anthracotheria.* 

The  general  conclusion  which  is  to  be  derived 
from  the  important  branch  of  the  inquiry  of  which 
we  have  been  analyzing  the  resulting  propositions, 
is  partly  zoological  and  partly  appertains  to  geology. 
The  former  portion  of  it  is,  tliat  more  than  thirty 
kinds  of  land  animals  have  left  their  fossil  Femains 
in  the  strata  now  forming  dry  land,  but  deposited 
under  water ;  that  of  these,  seventeen  or  eighteenf 

*  Avfifi»lt  coaL    Of  these  seven  species  are  now  known, 
t  According  as  the  Elasmotherium  is  allowed  to  be  sufficiently 
distinguished  or  not* 


CVWiMtL.  139 

cKtaoct,  and  luMr«  been  wholly  unknown  since 
was  peopled  with  ite  present  inbabitants,  m 
w  tcven  being  of  a  genus  now  unknown^  the  others 
hsiag  neir  species  of  known  genera;  that  twelve 
sr  liiiriean  kinds  have^  as  far  as  their  bones  are 
umtirmid,  the  appearance  of  having  belonged  to 
Iks  speeies  which  stiU  inliabit  the  glolie^  altliough 
ideality  is  iar  from  certain,  depending  only 
the  similarity  of  their  skeletons ;  and  that 
of  genera  now  almost  confined  to  tlie  torrid 
used  formerly  to  inhabit  high  and  middling 
klimdes.  The  geological  portion  of  tlie  conclusion 
ii  tliat  seoM  of  these  fossil  remains  have  been  buried 
by  the  last  or  one  of  the  last  revolutions  to  which  our 
planet  lias  been  subjected,  as  tliey  are  in  loose  and 
Miperficial  strata,  whilst  oilier  remains  in  the  ter- 
tiary strata  appear  generally  to  have  come  from 
deaths  in  the  course  of  nature,  tliough  some  of  these 
loo  mast  liave  perished  by  a  sudden  revolution. 

II.  The  Paris  Basin  presents,  in  great  abundance, 
Ike  mnains  of  heri^vorous  pachydennatous  animals 
of  two  distinct  genera,  each  comprehending  several 
ipecies,  and  all  alike  unknown  in  the  living  world. 
The  animals  to  which  some  of  them  approach  the 
nearest  are  the  tapirs;  but  they  differ  even  ge- 
netically from  these,  and  from  every  otlier  knonn 
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tribe.  TTie  inquiry  into  which  Cuvier  entered  fiii::,  i  „ 
the  purpose  of  ascertaining  to  which  set  of  hQiajf^  [  . 
each  particular  piece  belonged,  so  that  he  might  .1m(^ 
able  to  restore  the  entire  skeletons  by  putting  togetfaf^ 
all  the  parts  of  each^  was  long,  painful^  and  difl^«f 
cult  in  the  highest  degree.  He  had  first  to  conoei^ 
the  two  bones  of  the  hinder  feet  together^  in  eacti)^ 
instance^  by  minutely  examining  the  relation  of  tl^( 
pieces  to  one  another ;  and  this  process  could  only 
be  conducted  by  deriving  light  from  the  analogies  oC, 
other  and  known  animals.  He  then  had  thedif-: 
ferent  bones  of  the  fore  feet  in  like  manner  to  put^ 
together^  in  order  to  restore  those  fore  feet  Next. 
the  hinder  and  fore  feet  of  each  animal  were  to  b^. 
connected  together.  Afterwards  he  had  to  mouQt 
upwards  and  connect  the  bones  of  the  body 
with  the  several  feet.  The  teeth  and  head  mujst 
next  be  referred  to  the  limbs.  Then  the  vertebrv 
and  then  the  trunks  were  to  be  restored ;  and  then 
other  bones^  not  yet  accounted  for^  were  to  have  their 
places  found.  The  result  of  this  most  elaborate  and 
perplexing  investigation^  the  details  of  which  occupy 
the  fifth  part  of  a  large  quarto  volume^  and  are 
illustrated  by  between  sixty  and  seventy  admirable 
plates,  containing  between  six  hundred  and  seven 
hundred  figures  of  bones^  fragments  of  bones,  and 


t^u  iff  Ikhim,  mny  In*  uiuiMtl  uhori]y  iUum^^ 
V  un*  iff  iIm  flr«t  gmnn,  wUU'h  li<9  <l4*tiortiinHti«4 
wf$iherhtfrt,^  %\%t or  ptir\m\m nt^vm, «i><*<;iei»,  f  prin- 
Ny  di«tingijUh«yl  by  tti<9  f i«i*f  h  mid  ili<4  «i/A  hu  hr 

» mi«tf;b  «wr«  wjd«ly  <li(ff»r«nt  wb<*ii  ulivi*,  i  hit*  of 
k»  fMtftiJbl^l  tt  iu\iir,  but  wii4  only  u  foz/i  uikI  a 
'!n  l^if{fli«  Mug  ftboijf  tJiH  k!/ii  of  a  roi*bii/'k, 
ifti4^  wj^«  ri^nrly  tUrtta  fi'K  lil({b,  himI  Ui<«  kI/^  of  a 
A  tliird  WHn  hi^Wi*i>n  fimr  himI  fiv<9  ft**H,  In 
rM,  mimI  i«li^;«Jt  iU*"  «i/^  of  ib<?  borM*  or  fbif  Java 
^^^^rifn.  U  bttil  f«<?t  f bi^k^^r  IImui  a  Uorutfu,  uiul  a 
'^  Im'M^I  ;  Uu  i^yt^H  w**rt^  vttry  umall,  \U  Ui*ml  lougf 
ii  Uiul  u  Htumi  |>rotrii<ibif(  mtw.U  ov^^r  Uh  untlt^r 
tfyl  bf/.  tu  a  >»|/<'/?irM<^n  of  orm  of  tb<'»<'  Np<^d<'ai, 
fiffti  now  rri^ii<ioi««<J,  fb^r«  iv<'r«  M<'lii»lly  fouo^l 
if  of  ibi*  ttiiiriifll^  tatfi^r  imrU,  rA*riu\n  fl<'xibl<^ 
MrfiU,  whi<'b,  (i|/</ii  l/<>Ifi((  biinH,  {{Hv<f  hm  atibnal 
11,  aii'l  wi'f'f  riiMhif«'i»4ly  poHioon  of  (b<f  fifrvf^xor 
^1  ^i'u^h,  UfmA***  ib<t«M'  fbrt^i'  tipi>t*]t*ii,  iUrt^t*, 
po«*iMy  fonr'/tb^rw;  w«'r<)  dUiiri^iiiub'^l,  orii'thct 
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therium,'*  and  of  these,  two  species,  at  the  least,  are 
distinguishable.!  The  first,  or  common  anoplo-  | 
therium,  is  about  the  size  of  an  ass,  being  four  or 
five  feet  high,  and  its  body  four  feet  long,  but  with 
a  tail  of  three  feet  long;  it  was  probably  an  animal 
that  Uved  partly  in  the  water,  as  it  appears  made 
for  swimming  like  an  otter.  But  it  has  a  peculiaritf 
of  structure  which  is  to  be  found  in  no  other  animal 
whatever;  its  feet  are  cloven,  but  have  two  separate 
and  distinct  metacarpal  and  metatarsal  bones, 
which  are  soldered  together  in  other  animals;  it 
has  also  its  teeth  contiguous,  while  all  other  am- 
mals  except  man  have  them  apart.  The  other 
species,  or  secondary  anoplotherium,  resembles  the 
former,  but  is  only  the  size  of  a  common  hog.  But 
beside  these  anoplotheria  properly  so  called,  four 
other  cognate  species  are  found,  one  of  the  size  and 
appearance  of  a  gazelle,  one  the  size  of  a  hare,  and 
two  of  the  size  of  a  guinea  pig.  A  curious  specimen 
gives  the  very  form  of  the  anoplotherium's  brain,  t 
cast  of  it  remaining  in  the  earthy  mass.  Its  size  is 
extremely  small,  and  Cuvier  infers  from  this  that 
the  animal  was  exceedingly  stupid. 

*  Ai>MrX«#,  unanned,  without  totki* 
t  Six  species  are  now  ascertained. 
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All  tbe«e  auiauHJs  are  found  in  tlie  Paris}  Ka«ia ; 
htft  Ukim  of  iJm?  palfleottieriuui  iiave  bieen  di«coverad 
dumhere,  oariMfly,  al  OrLean«,  Aix  in  Vrovi^nos, 
tUmtftflier,  mnd  Imiil  Am  iim  HpecinuHm  from  (liose 
ilW  |>Uc««  wertt  «»xlr4»mely  rare  in  Cuvuir'a  time, 
he  couLJ  not  liave  tlie  sanie  certainty  re»[)ecting 
tWiw  4MI  frotu  iIm)  more  copious  coUecUoni5  obtained 
M  tii«  Paritf  district.  But  lie  couLd  dibtinguibh  at 
Itiwt  tliree  dirterent  niHieuiu. 

Ii«M(le  ttie^^  two  liew  genera,  tlu^  pala^otlierium 
Ajui  aiiO{>lottierium,  tlie  Pari)^  lia«in  affords  two 
«d«er  n^nv  genera  of  pachyderniata,  the  one,  called 
Ck4trojA»ianty¥,*  resembling  animaU  of  the  hog  kind 
— tlM$  otiier,  udapU,  very  simall,  being  about  a  third 
larger  tbait  tlie  he<lgelijog,  whicli  it  alt^o  re:»<'>njbl<-'d 
ifi  >*nicture«  There  are  fouud,  too,  the  reniainii  of 
£>eor  »ix  lujidii  ofcarnivorou^  anintaU,  on<^  of  tiiem 
Leitig  of  enorm<i«il^  ^ize,  aijd  re.^^i/ibhng  a  tiger. 
Aitf/lK-r  ha^  proje^.-tjng  boneb  tx>  i>(j|;[>ort  a  bag  or 
|Mir««  a«  in  the  kaugaioo  kind ;  but  it  h  of  a  g^nus 
of  mari»u|;ial  animals  now  found  only  in  Anjerica, 
l/triug  a  feorl  of  o{>'>i>bum»  I'he  Hatpin,  b<^«i<iei», 
afford*  a  coiikideralihf  numl>er  of  tortoit^e  remain>$, 
t</fiie  fi«h  boneJS;  an<l  <'ven  perfectly  complete  fckcle- 
U/f4»  ol'  tiJi/  and  ten  bpecieat,  at  iea*t,  of  bird«,  all 
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now  unknown,  but  one  of  which  resembles  the 
Egyptian  ibis.  It  is  very  remarkable  that  in  one 
specimen,  brought  to  Cuvier  while  his  work  was 
printing,  the  windpipe  was  preserved,  and  the  mark 
or  mould  of  the  brain  appeared  upon  the  surface  of 
the  gypsum. 

Ill,  Of  ruminating  animals  the  fossil  deposits 
present  many  remains.  There  are  of  the  deer,  be- 
side divers  that  closely  resemble  known  species,  no 
less  than  twelve*  species  wholly  unknown  among  the 
existing  inhabitants  of  our  earth.  One  has  enor- 
mous horns,  six  feet  from  tip  to  tip,  and  of  this  ani- 
mal we  know  nothing  among  existing  species, though 
it  comes  nearest  the  elk.  Two  kinds  are  somewhat 
like  roebucks,  and  of  that  size.  The  fissures  of  the 
Mediterranean  give  six  new  8pecies,t  of  which  that 
found  at  Nice  is  like  an  antelope  or  a  sheep.J 

'*'  No  less  than  twenty-eight  species  are  now  known. 

f  In  theR^sum^  to  Parts  III.  and  IV.,  Cuvier  says,'' Of  the  six 
deer  found  in  alluvial  deposits,  one  with  large  horns  is  entirely 
unknown ;  of  the  four  in  fissures,  three  are  unknown,  at  least  in 
any  but  most  distant  countries.  Another,  that  of  Orleans,  is  quite 
unknown,  as  are  the  two  species  of  lagomys  found  in  the  fissures.** 

I  A  thirteenth  new  species  was  at  one  time  supposed  to  have 
been  found  in  the  Swedish  province  of  Scania ;  but  Cuvier,  before 
the  last  volume  of  his  work  was  printed,  had  reason  to  believe  that 
this  animal  belonged  to  one  of  the  tribes  formerly  known,  and 
still  living  in  the  north  of  Europe. 


of  our  tvmmon  oxi^i  urn  round  in  n  fmnil 
«!«(#,  iiuimn  itt  UMrmm^n  or  }H*ui  Ufffn,  w\wrti  itmy 
kM«  «4frtJMoly  Wii  l/uriifd  wiiilo  fti49  ^lolMtVuurfuc^i 
•MJM  iU  |;r4*«M9iit  vAfihdiiioUfniul  imifitMtM  wo  now 
IimI  iis  Hut  hiuiiiiiIm  of  iIid  nntnts  ft^tiun  v,t*riiitn\y 
nutMj  in  fh<f  ngi*  of  tli<i  ««li^j;liHni  uimI  riitnoi'i^roxt, 
•ttd  of  tiMf  oktifud  i»|>iff;i#«.*  'i'litim  {ircvvHiU  no  Mnnill 
«Ni':ffrtiiiiHjr  iM»  to  On?  i<l<*ntiiy  of  llio  fiMnil  h\mm 
•»d  monk  Miflklo  with  tliH  living  mintm^n  of  tli«« 
(vrnwr  in  Knro|>if  mimI  of  tho  liilfi*r  in  Arn<«ri<;ft; 
Ut  iim  r«ffnMin«  whirli  tni\<9  b<*<'n  found  of  n  kind 
^oft,  ttpiMiir  <liir«'ri«nt  from  nny  known  n]if^t^it*n,iitul 
k  ^f^H^t^fH  itiMi  no  Inifliilo  r<^'nil;linf(  cither  thiti  i/f 
tipT  KMt  iniJi^^  or  thui  of  tho  rii|M*,  hm*  l;««i*n  found 

7  V  «'4/fM'hniion«^  hotli  y^p^^hf\^uu^\  iind  ((Molo^irnl^ 
fi';ffj  thf«  |/Mrl  of  thi*  inv<*titi((»tion  iind  from  iUn 
ftuutinuUtfttof  iUt*  r«'nniin4  found  inlh«*  Vnm  lUn'ttu 
iti  i-M-ry  ii'»jw't  tidly  with  tho*«  to  whirh  w<<  W(^ro 
M  hy  u  I'imftiih'nition  of  tho  pM<;hydi'rrnMtouti  m- 
fii«ii>ft  uridi'r  th<'  fifHi  In'iid  of  th«)  inf|uiry, 

(V,  'J'li4'r«'  Mr<«  found  in  otv^rnn  both  hi  Fninc«9, 
C;pfmMny#  Vorkfthin*;  Hud  l)fVttuMrt%  iind  in  lh<j 
fi«»h  yiitit^r  foinmlion  of  VmI  d*Arno,  in  Tuwany, 

you.  M*  " 
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the  remains  of  many  animals,  some  extinct  and 
others  no  longer  inhabitants  of  the  same  temperate 
latitudes,  but  confined  to  the  frozen  and  the  torrid 
2ones.  By  &r  the  greater  part  of  these  animals 
belong  to  the  carnivorous  class,  except  in  the  York- 
shire caves,  where  many  of  the  herbivorous  kind  are 
also  to  be  found.  In  the  foreign  caves  the  bear  is 
the  most  numerous,  and  presents  extinct  species. 
In  the  Yorkshire  caves  (at  Kirkdale)  the  hyaena 
predominates.  In  the  German  caves  hyaenas  are 
comparatively  few,  and  in  Val  d'Arno  not  more 
numerous.  In  Kirkdale  there  are  very  few  bears. 
Tlie  race  of  lions  and  tigers  is  much  more  rare  than 
any  of  the  others.  Not  above  fifteen  have  been 
found  in  Germany,  while  there  have  been  found 
hundreds  of  bears ;  and  in  Yorkshire,  where  hysenas 
abound,  very  few  lions  and  tigers  are  traceable.  Of 
the  wolf  and  fox,  some  are  found,  but  not  so  many 
in  Yorkshire.  There  is  also  a  very  large  kind  of  dog 
traced,  which  must  have  been  five  feet  in  height  and 
eight  in  length  from  the  mouth  to  the  tail. 

Of  bears  it  appears,  after  a  very  close  examina- 
tion, that  there  are  found,  at  least,  two  species*  larger 
than  those  now  known,  and  a  third  which,  both  in 
size  and  other  particulars,  so  nearly  approaches  the 

*  Seven  more  have  since  been  added  • 
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bear»  that  Cuvi«r  does  not  regard  it  a»  a 
•peeiM.     But  it  msemn  as  if  tba  one  found  in 
Tiweany  formed  a  third  kind  of  animal  now  extinct* 
TIm  byiroa*  i»  found  not  only  in  tlie  caverns  and 
otWquarridM  where  the  bear  abounds,  but  aUo  in  the 
ilhifial  strata  with  the  elephants  and  rhinoceroses. 
In  Kirkdale  cave  his  dung  iias  been  distinctly  re- 
•ogaised  by  a  comparison  with  that  of  living  hyasnas ; 
tad  the  particular  crack  which  he  makes  in  the 
bones  of  the  beasts  devoured  by  him  (o  get  at  the 
ntrrow,  lias,  in  like  nuinner,  been  identifit^d  by 
actual  comparison*     Nevertheless  tlie  fossil  animal 
diflers  from  tlie  Uving  one  in  sr^me  material  re»pect8, 
particularly  in  size,  and  in  liaving  his  extremities  both 
thicker  and  sliorter.  Tliecavernscontain  two  Hperi<i»| 
of  a  huge  animal  of  the  felis  (or  ciit)  kirul,  eontti- 
derably  larger  than  tlie  lion  or  the  tig<tr,  betiide 
fome  few  resembling  Uving  species  in  size.     One  is 
bKween  oiie-eighth  and  one-ninth  larger  than  the 
lion,  luid  lias  its  trunk  more  convex  in  the  lower 
outline,     A  tiew,   but  Hrnaller,  speeieH  of  the  felis 
kind  it  also  found  in  tlie  Mediterranean  fit^ureH, 

In  tlie  dog  tribe  there  haii  htum  found  a  wolf  or 
dog,^  but  more  probably  tlie  fonner,  which  differs 

I  Taa  siMeiM  an  fxnr  kugwu. 
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though  shghtly,  from  any  known  species,  in  having 
the  muzzle  shorter  in  proportion  to  the  skull ;  and 
also  a  species  has  been  observed  clearly  new  of  the 
same  genus.  We  as  yet  only  know  of  it  by  two  of 
his  jaw  teeth,  found  at  Avaray,  near  Beaugency. 
He  must  have  been  eight  feet  long  and  five  high. 
The  Paris  Basin  affords^  likewise,  another  new^ 
species  of  the  dog  kind,  but  not  materially  varying 
in  point  of  stature.  The  common  fox,  however,  is 
found,  and  also  the  dog  and  wolf,  in  the  caves. 

The  caves  afford  a  considerable  number  of  bones 
of  the  weasel  and  glutton,*  closely  resembling 
the  existing  species.  The  latter  animal  is  only 
known  now  in  the  higher  latitudes ;  but  in  the  caves 
M'e  find  his  remains  mixed  with  those  of  animals 
belonging  to  the  temperate  and  the  torrid  zones. 

It  is  thus  shown  by  the  inquiries  which  comprise 
the  third  and  fourth  part  of  this  great  work,  that 
the  former  inhabitants  of  these  regions  were  wholly 
diflerent  from  the  present  population.  Even  the 
animals  of  hot  climates  here  found,  and  referable  to 
existing genera,must  have  differed  entirely  from  those 
species  which  survive  in  the  torrid  zone,  because  they 
-could  exist  in  a  temperature  now  wholly  foreign  to 
their  nature.  The  rein-deer  and  the  lion,  the  sloth  and 

*  Of  the  foifiil  gu^o  two  spec'.es  are  now  aicertained. 


tk^kplMirft,  aiU  (outu\  mtb«  ni^Mnn  lA^ank,  %\itm  \\ut 
iht  ditfMl^;  of  tt</#««  U(titU4r]4;»  rtnmim  nntir\y  i\ie 
mmft,\iui  tFiaii  i\unr  iribat/it»Nt« lu«r#;  l>i;#fn  clifttigifd* 

pr»|Aibbf«  llj^r^;  iir«  n^H  i^tily  no  liunnan  rtnmmn 
lAmun^,  but  i\ytrtiure  tunm  of  ajw«»  or  of  any  of  iiu$ 
pimn  i4  nfimlmmsmtm,  AnimaU  (at  \t*m  in  «i/^^ 
Mid  iih/i««  liOfi^^  would  niuc'Ift  nior'f  t^Ay  liave 
fmi^A,  MM  rufM  and  riiie^f^  Im^^;  Ufft  flM^ir  kktcUfUtm 
wb  tJio**  //f  tlu$  Uifg**%i  \$*tH.%u  ;  hut  of  till*  mtmkity 

t^^4,  t\m  fi««ur«fi(  filM^tlii;  cjiv^.run  %tri:w**A  wUh 

♦riU,  M  Wifll  a«  to  th<j  t^r^ai'tott  of  our  //i<rn  mt^tfiUm, 
IW  it  wa«  wlu'n  (M\iitr  nrot^*,* 

V,  fV«vlff  tli«  JininiaU  of  tlw  /fod/^ffi  tUf^'riifiiou, 
hukA  in  th^f  i'^irii*  Hsmiu  and  tli^f  M«;^lit/^rran<'an 
t»wir#r*,  raM/it«,  ln^f/ftty^,  ftM  tulnt,  iluirn  am 
m«f»|  tAtwrn  in  tlw?  alluvial  kiraia  and  ^iav<*rn«^— 
•<«^«|/|«r^itly  of  kn^/wn^  an/J  otlM*r»,  c^triaihly,  of 
vfila</wn  kii^^Jt.  'i1i«  liaf«  Uhh  Ua-n  irnrjid  at 
Ktfidl^Uf;   \\m  Wd^fnf  tt^r  iUtt  Hhin^^;    two  tutw 

"*t*  M«  ttrm^iMt  *A  i\m  mMtSuty  %mA  i*f  t4«y«  Unt»  UUly  41$' 
*wwiii !» |i«  Hi^tHh  i4  ffnmm  immI  in  tlMr  lUmnUij^  Htt*mUkm% 
^*mA  n^  M  i^tAKtdii^    Hni  iIm  yM^«  mm  m<4  cWiir« 
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species'*'  of  the  beaver  near  Rostoff^  in  the  south  of 
Russia;  another  species^  also  unknown,  at  CEningen. 

VI.  The  toothless  or  £(2^71  faf«  animals  afford  some 
varieties  still  greater  than  those  to  which  our  atten- 
tion has  as  yet  been  directed.  None  of  the  known 
species  of  this  tribe  are  to  be  found  in  any  of  the 
strata^  fissures^  or  caves  in  Europe.  But  three 
genera  entirely  new^  with  two  of  which  at  least 
there  are  ample  materials  for  becoming  acquainted, 
have  been  found  in  America,  and  these  are  de- 
serving of  our  best  attention. 

The  first  is  the  animal  named  by  Jefferson^  from 
the  size  of  his  feet^  or  rather  what  he  supposed 
claws,  HieMegalonyx,^  and  respecting  which  he  fell 
into  an  error  as  we  formerly  stated.  Curier  pre- 
ceded his  examination  of  this  as  of  all  other 
animal  remains  by  a  thorough  investigation  of  the 
osteology  of  living  animals  of  this  family ;  and  it  is 
the  result  of  his  careful  inquiry  that  the  bones 
found  in  America  and  described  by  Jefferson^  and 
of  which  both  casts  and  drawings  were  sent  over, 
as  well  as  a  tooth,  belonged  to  an  animal  of  the 
sloth  tribe^  but  wholly  new  and  now  quite  extinct. 
The  tooth  was  cylindrical,  and  worn  down  on  the 

*  Now  four  are  known,  and  three  of  lagomyi. 
t  '^^^  specie*  are  now  known. 
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u^  but  caived  round  with  enamel  liko  a  sloth*!, 

wmA  M«  at  all  lika  a  cat*i«     In  the  paw,  the  second 

l^mbagal  bone  was  symmetrical.     Tliis  bone  is 

e«rr«d  and  wA>  symmetrical  in  animals  that  raise 

Wf  iuid  draw  l>ack  the  claw,  as  all  the  cat  kind  do. 

Tba  first  pbalaiigal  bone,  too,  was  the  shortest; 

vbrreas  tiie  liou  and  others  of  the  cat  kind  have 

tkait  bone  the  longest*    But  from  the  known  sjiecies 

U  sloth  it  differs  most  strikingly  in  its  stature, 

vliich  was  equal  to  that  of  tlie  largest  oxen,  those  of 

Hungary  and  Switzerland,  and  a  sixtli  larger  than 

tbcf  common  kind. 

The  second  of  these  new  animals  has  been  termed 
M*r leather ium,  from  hin  great  size,  and  the  remains 
jire  found  in  South  Anierieu.  From  his  teeth  it 
«|/p«ars  that  he  lived  on  vegetables,  but  the  struc- 
ture of  his  very  long  fore  pawH  and  nails  shows  tlut 
it  naschiefly  on  the  roottt.  He  i>ossessed  also  good 
ncans  of  defence,  and  so  was  not  swift  of  foot.  Ills 
cuieriiig  seems  to  have  been  a  thick  and  bony 
tout  of  mail  like  the  urmailillo*s.  His  length 
va»  twelve  feet  and  a  half  (near  thirteen  feet  and 
t  lisif  Knglikh;,  and  his  height  seven  feet  (about 
laeti  feet  and  a  half;.  From  the  sloth  lie  differs 
iiot  only  in  sixe  but  in  other  particulars;  for  exam- 
ple, his  fori*  le^H  are  much  nearer  the  length  of  his 
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hinder  legs  than  in  the  sloths  which  has  the  former 
double  the  latter.  But,  on  the  other  hand,  the  thick- 
ness of  the  thigh  bore  in  the  megatherium  is  much 
greater  than  in  any  of  the  known  sloth  tribe,  or 
indeed  any  other  animal  either  known  or  extinct;  for 
the  thigh  bone  is  about  half  as  thick  as  it  is  long. 

The  third  of  these  new  animals  was  known  to 
Cuvier  only  by  one  fragment  which  he  examined.  It 
was  a  toe ;  and  from  a  careful  discussion  of  its  form 
and  size  he  inferred  that  the  animal  belonged  to 
the  edentate  tribe  of  Pangolins,  and  that,  if  so,  its 
length  must  have  been  twenty-four  feet  (twenty-six 
English),  and  its  height  in  the  same  enormous 
proportion.  The  bones  were  found  in  the  Palatinate 
near  Eppelsheim.* 

VII.  The  course  of  our  analysis  has  now  brought 
us  to  the  family  of  the  Sea  Mammalia,  and 
these  supply  new  food  for  wonder.  So  different 
from  the  bones  of  any  living  animals  are  those 
remains  which  have  been  examined,  that  a  new 
genus  is  formed  consisting  of  several  species, 
and  bearinor  the  same  relation  to  the  cetacea, 
or  animals  of  the  whale  tribe,  that  the  masto- 
don, palseotherium,  and  anoplotherium  do  to  the 

*  Subsequent  diicoveriei  have  made  it  probable  that  thii  toe 
belonged  to  the  Dinotherium. 


cuviEit  153 

ptcbydermata^  or  that  the  megalonyx  and  mega- 
fhcrium  do  to  the  edentata.  He  terms  the  genus 
ZipkiuM  from  its  having  a  sword-Hke  head.  One 
of  these  was  found  near  the  mouths  of  the  Rhone. 
The  dimensions  are  not  given  by  Cuvier,  but  from 
the  drawing  the  head  appears  to  have  been  about 
three  feet  in  length.  The  remains  of  a  second 
ipeciea  of  ziphius  were  found  thirty  feet  under 
ground  at  Antwerp,  and  between  nine  and  ten 
imder  the  level  of  the  sea  at  low  water.  The  head 
is  considerably  larger  than  that  of  the  first  men- 
tioned species.  The  head  of  a  third  species  is  found 
m  the  museum  at  Paris,  but  with  no  account  of  its 
history. 

Beside  tliis  new  genus,  there  are  other  cetacea  of 
new  species  discovered  among  the  fossil  bones.  At 
Angers  a  Lamantin  of  an  extinct  species  has  b<*en 
tnced.  The  remains  of  a  dolphin,  whicli  must  liave 
been  twelve  or  thirteen  feet  long,  and  different  from 
tU  tlie  known  5(pecies,  have  been  found  in  Lorn* 
banly.  In  the  Landes  anotlier  dolphin,  which 
must  have  been  nine  or  ten  feet  in  length,  has  been 
discovered.  A  third  kind  of  dolphin,  different  from 
iny  now  living,  has  been  found  in  the  department 
of  L'Ome,  while  a  fourth,  also  found  in  the  Landes, 

h3 
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nearly  if  not  wholly  resembles  the  ordinary  dol* 
phin.  In  Provence  a  cetaceous  animal  of  an  un* 
known  species  is  founds  somewhat  like  the  hypero- 
odons. 

In  the  neighbourhood  of  the  Ochill  hills  in  Scot- 
land the  fragments  of  a  whale's  bones  have  beet 
found  in  a  recent  alluvial  stratum,  at  only  eighteet 
inches  depth,  with  a  part  of  a  deer's  liorns  neaz. 
It  must  have  been  a  whale  of  some  size,  as  the  ver- 
tebrae were  eighteen  inches  broad,  and  one  of  the 
ribs  ten  feet  long.  But  it  is  most  probably  one  of 
a  kind  still  existing  in  our  seas,  from  the  plaeo 
where  it  was  found. 

In  the  mountains  near  Piacenza  there  have  been 
found  the  bones  of  a  small  whale.  Its  length  was 
•  twenty-one  feet  (near  twenty-three  of  ours)  and  its 
head  was  six  feet  (near  six  feet  and  a  half)  long. 
The  place  where  these  bones  lay  was  a  clay  stratum 
with  numberless  shells  all  round,  and  oysters  cling- 
ing to  the  bones.  This  animal  was  in  a  tertiary 
formation,  six  hundred  feet  above  the  plain  of 
Italy.     It  appears  to  be  of  a  new  species. 

In  the  very  heart  of  the  city  of  Paris  have  been 
found  the  bones  of  another  whale,  far  larger,  and  of 
a  species  wholly  unknown.     Its  head  must  have 
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been  fifteen  or  sixteen  (mi  lon^,  and  its  body  fifty* 
four  or  fifty-five.  It  was  found  in  a  compact  nandy 
bed  in  digging  under  the  cellar  of  a  wine-mor- 
rbant. 

TTie  conclusion  to  which  the8e  Reik*arclH*ff  un- 
aroi<lably  lead  ih  that  the  earth  in  itn  former  state 
did  not  differ  more  widely  in  the  rac<*s  which  in- 
habited it  than  the  sea  did — that  ocean  whir^h 
was  itself  ttie  great  agent  in  pro<iiicing  many  of 
the  changes  that  have  at  variouH  iiriicH  swept  away 
one  rac^s  of  living  crr^atiirtfs  from  the  nurface  of  the 
^kilx',  and  niixtil  up  tlieir  remairw  with  thoM*  of 
suunaU  engeuflifntd  in  ittf  own  hfMom. 

VIII.  Wc  have  now  reachfd  th<*  hint  and  the 
n\(M  singular  portion  of  rheM?  i{eiearrh(*M  ;  the  ex* 
aniination  of  the  Hiptilfx  uho^e  relirn  are  found  in 
many  of  the  Mtratified  rockn  of  lii^h  antiquity. 

In  the  calciir«*ouH  hcht^it,  n<*«ir  Monheim,  wlienre 
tlas  htones  uiied  in  lithography  are  gotten,  a  new 
fpeciet  in  the  cnKrixliie  fiirniiy  iH  found,  who«4<! 
IfiiSrth  muMl  have  \H*vn  a  Lout  rliree  fret.  At  Koll, 
ill  Wirtemlierg,  another,  appan'titiy  of  the  same 
LiimI,  ban  bi*«*n  din^'i>verfd.  At  (*su*n  rxilite  quarries, 
ftdiffprent  and  equally  unk rum n  ftix^eicH  ih  traced; 
itvkidy  in  li«*tween  firiur  and  five  feft  long,  ai 
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whole  length  thirteen.  Others  of  this  &mily  have 
been  found  in  the  Jura,  and  there  they  are  accom- 
panied by  the  fresh-water  tortoise.  At  Honfleur 
another  species  is  found,  and  the  remains  of  two 
other  unknown  kinds  have  been  discovered  near 
Harfleur  and  Havre. 

Beside  the  remains  of  crocodile  animals  found 
in  these  more  ancient  strata,  there  are  many  also 
found  in  the  more  recent  beds,  where  the  bones  of 
the  palaeotheria  and  lophiodons  are  deposited.  The 
P^ris  Basin,  the  marl  pits  of  Argenton,  Brentford, 
and  other  places  have  furnished  these  specimens. 
But  whether  they  were  of  different  species  from 
those  new  ones  found  at  Monheim,  Caen,  and 
Honfleur,  the  examination  which  they  had  under- 
gone in  Cuvier  s  time  was  too  imperfect  to  deter- 
mine.   They  have  since  been  shown  to  be  different. 

It  deserves  to  be  remarked  of  the  new  species 
of  crocodiles,  that  their  difference  from  the  known 
kinds  exceeds  in  manifest  distinctness  that  of  almost 
any  other  animals  which  are  of  the  same  genus,  and 
do  not  differ  in  size;  for  the  vertebras  instead  of 
being,  as  they  are  in  the  crocodiles  now  alive,  concave 
in  the  front  and  convex  behind,  are  convex  in  front 
and  concave  behind.     This  at  once  furnishes  a  very 
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tfiuinphant  answer  to  those  doubts  which  have  been 
nised  as  to  the  novelty  of  the  species,  and  still 
more  signally  discomfits  the  speculations  of  thoso 
who  fancy  that  the  difference  perceived  in  fusml 
bones  have  been  caused  by  change  of  tempi^rature 
or  of  dietf  or  by  the  passing  from  the  living  to  tho 
petrified  state. 

llie  examination  of  fresh* water  tortoises,  of  the 
genus  trionix,  whose  remains  are  foimd  in  tho 
plaster  quarries  and  other  strata  offers  similar  re- 
ndta.  Thus  at  Aix  in  Provence  a  trionix  of  a  now 
ipeeies  is  found.  Another  species,  also  new,  is 
ibund  in  the  Gironde ;  and  two  others  have  been 
traced  less  distinctly  in  tho  gravel  beds  of  1 1  ante- 
vigne  (Lot  et  Garonne)  and  of  Castelnaudary.* 

Foseil  fresh-water  tortoises,  of  the  genuH  ernys, 
give  the  same  results.  They  are  found  in  the 
molasse  of  Switzerland,  in  the  Shoppy  cluy  near 
London,  and  in  the  limestone  ridgcM  of  tho  Jura. 

Fossil  sea  tortoises  offer  the  like  appearances. 
One  of  an  unknown  species  is  found  nuur  MuoMtrichf, 
the  genus  being  still  living  in  the  Hoa,  and  familiar 
to  oiir  obsc*rvation.  So  that  altogether  tlus  ex- 
amination of  tortoise  remains  leadn  to  tho  samo 
iobrenees  of  islands  having  existed  in  the  ocean  at 
*  Eight  tptcUi  have  now  l««n  traced 
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a  former  period,  inhabited  chiefly  by  reptiles  or 
oviparous  quadrupeds^  and  before  the  creation  of  any 
considerable  number  of  the  viviparous  orders. 

As  we  proceed  towards  the  close  of  these  Re* 
searches  the  subject  rises  rather  than  Mis  off  in 
curiosity  and  interests  We  now  come  to  Uie  family 
of  lizards^  by  which  is  here  understood  all  the  old 
genus  of  Lacerta  (Lin.),  excepting  the  crocodile 
and  salamander  tribes. 

In  the  celebrated  fossil  fish  deposits  of  Thuringia 
are  found  the  remains  of  a  monitor,  of  a  species 
somewhat  varying  from  the  known  species  in  two 
particulars^  a  greater  elevation  of  the  vertebnd 
apophyses,  and  a  longer  leg  in  proportion  to  the 
thigh  and  foot.  Remains  of  a  similar  aspect  occur 
in  France  near  Autun,  and  in  Connecticut  in  North 
America. 

In  the  strata  of  fine  and  granular  chalk  near 
Maestricht,  between  400  and  500  feet  in  thick- 
ness, are  found  the  remains  of  a  huge  reptile,  which 
Mr.  Faujas  represented  as  a  crocodile,  following  the* 
opinions  of  the  people  in  that  neighbourhood ;  but 
so  celebrated  an  anatomist  as  Adrian  Camper  was 
not  to  be  thus  deceived,  and  he  proved  it  to  be 
an  animal  of  a  new  genus,  related  to  the  monitor, 
and  also  to  the  iguana  ;   it  seems   to  be  placed 
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brtwMn  the  6nhm  on  tbo  otin  hand  ami  tb« 
iMnH4>r»  fttid  iguftnan  on  iiw  other*  But  Uim  mmi 
rcn^tiiuUm  tin  tmrnt  rimiarkablD  difTitfenco  when 
eompftred  with  t}i«*M«  Tliey  ham  lieailM  five  or 
m  tfichiMi  long ;  hi«  wam  four  or  fivo  fi^ni,  awl  hm 
body  fifty*  Ho  waM  tliorefori)  a  li^uird  <}xr.e<Kling 
tbr  iiifo  of  a  crodHliUi  ju»t  an  tho  oxiim;i  fupir 
wan  thi9  iiixo  of  an  dofdiant,  untl  Om)  rni^Kakmyx 
Iran  a  nloth  the  nm^  of  a  rhinm^itroN*  It  afri^oarpi 
that,  like  tli«t  cro4;o<lilo^  he  wan  ai{ijafjr.  and  could 
iwim;  ami  thai  hi*  tail  wan  tiiH^d  nn  a  mcuIL 
iaorin({  lat^frally  in  the  watifr^  and  not  up  and  <lown 
liketliMcetacra^an  order  to  which  ih<i  ehler  (Sniper 
At  firnf  fiahly  referred  him* 

In  tlie  csintmi  <$(  MeidenlhaK  at  Monlieirn,  ten 
(M  \trUm  the  mtrduu',  and  near  mmu*  kiridn  of 
rrocfttVtli'  r^rnMin»,  lurfien  were  di«c/n^ered  of  another 
mktamu  mib-ffentiH  of  the  ordi'r  Htutrun,  and  which 
Cinrirr  calls  fieonauruff,  and  placi*»  lH;t,ween  the 
irreriiflile  and  tlie  monitifr.  It  waw  ap|;an*ntly 
rtirplve  or  fhirte(*n  Un^i  long,  thai  of  MueMtricht 
linnK  fifty. 

A  lar({e  animal  of  this  family  is  found  to  have 
bff*!!  an  inhabitant  of  tlj<*  sanM)  ancifnt  world.  At 
Hifmesfii'ld,  in  tlie  n<'ighhourhor>il  of  Oxford,  l)r 
fiuekUfid  diic^/veri'il  his  rt'rnains  in  a  bed  of  oolitic 
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calcareous  schistus  under  a  solid  rock  of  forty  fee 
thick.  The  thigh  bone  is  two  feet  eight  inches  in 
length,  which  would  seem  to  indicate  a  body  in  the 
whole  forty-five  feet  long.  But  even  if  his  tail  were 
not  in  the  proportion  of  the  lizard's,  as  this  calcu- 
lation assumes,  his  length  must  be,  according  to 
the  crocodile's  proportions,  thirty  feet.  This  animal 
approaches  the  geosaurus  of  Monheim,  and  also, 
in  other  respects,  has  some  affinity  with  the  cro« 
codile  and  monitor;  but  in  size  he  greatly  ex** 
ceeds  the  crocodile  and  comes  nearer  the  whale. 
His  voracity  must,  from  his  teeth  and  jaws,  have 
been  extreme.  He  was  also  an  amphibious  animal ; 
for  his  remains  are  surrounded  with  marine  produc- 
tions. The  genus  has  been  called  Megalo-saurus* 
Teeth  and  bones  of  the  same  genus  have  been  since 
discovered  in  Tilgate  Forest,  Sussex.  Mr.  Mantel 
has  found  in  the  same  place  the  thigh  bone  of  a 
much  larger  animal.  Other  reptiles  have  been 
found  in  the  Muschelkalk  quarries  near  Luneville. 

But  there  are  animals  of  the  family  of  saurus  ^ 
yet  more  strange,  if  not  for  their  size,  at  least 
for  their  anomalous  structure  and  habits.  A 
reptile  is  found  of  a  genus  so  extraordinary  as  to 
comprehend  within  itself  the  distinguishing  nature 
both   of  the  lizard  and  the  bird.      It  has  a  very 
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iMRf  neek,  and  the  beak  of  a  bird.    It  hai  not,  how- 

mmt,  like  a  bird,  wings  without  fingers  to  strengthen 

thsm ;  nor  has  it  wings  in  which  the  thumb  alone  is 

frse  like  a  bat ;  but  the  wings  spread  by  a  single  long 

lager,  while  the  other  fingers  are  short,  and  with 

aails  like  the  fingers  of  ordinary  apterous  (or  un- 

winged)  animals.  From  these  circumstances  Cuvior 

has  named  this  genus"^  the  Pterodactylua,^   It  was 

Int  difcovered  by  the  late  Mr.  CoUini,  a  Florentinci 

settled  at  Manheim,  and  formerly  attached  to  the 

fimily  of  Voltaire,  of  whom  he  published  some 

Memoirs,    llie  skeleton,  nearly  perfect,  was  found 

in  the  marly  stone  beds  of  Aichstadt  in  the  county 

of  Pappenheim;  but  Mr.  CoUini  fell  into  very  great 

mistakes  respecting  the  genus  of  the  animal,  which 

he  suppose<l  to  be  of  marine  origin,  from  not  accu- 

ntfly  investigating  its  osteology.    T\\q  celebrated 

SoBtnniering   contended    that  it   wtuj  ono  of  tlio 

mammalia,  resembling  a  bat,  and  other  naturulitits 

hi4(l  the  same  opinion.     Hut  Cuvier  has  mcmt  sutis- 

hctorily  shown,  chiefly  from  its  jaws  and  vortebroe, 

itiihoulder  blade  and  sternum,  tliat  it  is  between  a 

bird  and  a  reptile,  a  flying  reptile.    The  tail  is 

*  Thtrv  lire  now  ten  %\wc'm6%  obvcrved. 
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extremely  shorty  and  this  indicates  the  animal  to 
have  used  its  wings  chiefly  for  locomotion ;  indeed 
from  its  very  long  neck>  it  must  have  had  gteit 
difficulty  in  either  walking  or  crawling.  When  9t 
rest,  it  must  have  stood  like  a  bird  on  its  hind  Xegi, 
and  also^  like  some  birds,  have  bent  back  its  long 
neck  in  order  to  support  its  very  large  and  heavy 
head.  Another  species  of  the  same  genus,  having 
a  much  shorter  beak  (for  that  of  the  former  is  longer 
than  the  whole  body),  has  also  been  found  near  the 
same  spot.  It  is  much  smaller.  Very  scanty 
remains  of  a  third  species  also  occur,  found  in  the 
same  quarries.  Its  size  must  have  been  nearly  four 
times  greater  than  that  of  the  kind  first  mentioned, 
and  it  must  have  presented  one  of  the  most  mon- 
strous appearances  which  can  be  conceived,  accord- 
ing to  our  present  experience  of  animal  nature. 

The  two  last  discoveries  among  the  animals  of  a 
former  world,  which  these  Researches  have  dis- 
closed, remain  to  be  mentioned ;  and  they  are,  in 
the  eyes  of  the  naturalist,  the  most  wonderful  of  the 
whole,  although  to  an  unlettered  observer  they 
may  appear  less  strange  than  the  tribe  we  have 
just  been  surveying.  One  of  them  has  the  muzzle 
of  a  dolphin,  the  teeth  of  a  crocodile,  the  head  and 
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bvttt  of  a  Ikardf  ihe  fin«  or  paddles  of  a  whale^  but 
fcur  inNti;a<l  of  two,and  the  back  or  vertobras  of  a  fiib. 
Thii  ha*  been  named  the  Ichthyoiawrus.  The 
eeber«  being  apparently  nearer  to  the  lizard,  hae 
barn  calkxi  the  Ple$ioMaurui  ^  and  has  also  four 
paddle*,  like  thoie  of  a  whale ;  the  head  of  a  lizard* 
and  a  long  neck  like  tliat  of  a  serpent.  Both  are 
fwnd  in  the  older  secondary  strata  of  the  globe ; 
in  the  limestone  marl  or  greyish  lias,  filled  with 
pyrites  and  ammonites^  and  in  the  oolite  beds  of 
the  formation  called  Jurassick.  l*liey  are  both 
ebiefly  found  in  England,  and  were  first  discovered 
there. 

Sir  K.  Home,  in  1814,  made  the  first  step  in  ihe 

diiieovery  c/f  the  Ichthyosaurus;  having  obtained 

lome  bones  found  on  the  Dorsetshire  coast,  thirty  or 

forty  feet  above  the  level  of  tlie  sea.     He  gradually 

obtained  more  of  these  remains,  until  1819-20,  when 

the  discovery  was  completed.     J)ut  he  seems  tx>  have 

been  unfixed  and  variable  in  Iuh  opinion  res])ecting 

ths  animal ;  and  after  believing  for  some  time  tliat 

k  was  partly   a  fish,   he  ended   by   believing  it 

to  be  no  such  thing,  and  changed  its  name  from 

ichthyosaurus,  which   Mr.  Kiinig  liad   given  it» 

•I  early  as  1H14,  to  Proteosaurus,  supiK>sing  it  to 
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•)y  lar|{v,  tlifFiTing  in  this  rrotn  all  ttin 
ariiniah  Iwth  nea  nnd  land.  Ttio  cavity 
I  upcuimGnii  in  above  a  foot  in  (liameter. 
r«  lit  protrdiol  by  a  Khit^ld  of  bono,  coni' 
'wveral  pircri  knitted  together.  Tlip  vcr- 
r«  vrry  ntitncroiM.  In  twrnu  ipcciinvni  a« 
I  ninety-Rvo  an*  to  bn  seen;  and  tbeso 
riirely  from  tlio  vprlebrid  nyBtrni  of  tho 
Membling  rntlier  tbat  of  finbrs,  for  they 
liko  backgammon,  and  concave  on  both 
He  animal  has  four  fiiin,  or  juddlci,  each 
d  of  six  rowB  of  small  bones,  nearly  ono 
in  all,  and  BofiUing  into  ono  unothor,  that 
i  paddlo  about  by  means  of  tbcntf  moving 
re  elaaticity  than  if  the  bones  had  formed 
piwu.  Hie  teeth  are  sliarp.  This  creatiira 
Ijr  bivallte  tlw  air,  and  so  must  oflcn  have 
I  to  tlw  lurface.  Yet,  again,  he  could  only 
tbo  nalof^snd  wan  still  \vm  able  to  crawl 
htegjj^lJiu  *di-r.iilf.  The  length,  in  some 
^^^^Pnvcnly-t'iiir  or  twenty-five  ftret.  In 
^^^HlivM'  I'ont--!  are  found  there  are  many 
^^^^^oui*  mill  irlher  marine  slu-Us,  and 
^^IndiW  cxi'l  in  (he  name  strata. 

US  was  first  observed  in  ISil,  by 


1 
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have  some  affinity  with  the  proteus  as  well  as  the 

lizard. 

The  ichthyosaurus  is  most  abundant  in  the  lias  t 

strata  in  the  lower  region  of  the  Jura  formation.  Its 

■ 
remains  are  not  confined  to  Dorsetshire ;  they  are  \ 

found  in  Oxfordshire,  Somersetshire,  Warwickshire, 
and  Yorkshire.  But  at  Lyme  they  abound  as 
much  as  those  of  the  palaeotherium  do  in  the  pits 
of  Montmartre  at  Paris.  Some  few  specimens  are 
found  near  Honfleur  and  at  Altorf ;  in  Wirtemberg, 
also,  a  nearly  complete  skeleton  has  been  dis- 
covered. Four*  distinct  species  were  ascertained  by 
Cuvier,  chiefly  differing  from  one  another  by  their 
teeth,  that  is  to  say,  as  far  as  their  osteology  goes.f 
In  the  general  features  of  their  bones  they  all 
approximate  to  one  another.  The  head  resembles 
that  of  the  lizard,  although  with  material  differences 
and  even  having  some  other  bones.     The  eyes  are 

*  Fonr  species  have  since  been  added  to  these. 

t  It  canuot  be  too  steadily  kept  in  mind  that  when  a  specific 
difference  has  once  been  ascertained,  sp  as  to  distinguish  one  oC 
these  extinct  races  from  another,  the  amount  of  that  difference  is 
uo  measure  at  all  of  the  diversity  which  may  have  existed  between 
the  two  animals.  Tribes  the  most  unlike  have  general  resem* 
blances  in  the  bones,  the  substratum  on  which  the  muscular  party 
aie  placed.  Witness  the  ease  with  which  unlearned  persons, 
cay,  even  naturalists  carelessly  observing,  have  taken  the  skeletons 
of  lizards  for  those  of  men* 
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filrraiely   large,  clifTmng  in  tbm  from   all   fhc 
irratrr  aninial«  both  nctk  and  land,    7'ho  cavity 
in  aome  upecitnons  in  above  a  foot  in  diameter. 
Eadi  eye  in  protecte<l  by  a  »hicld  of  bone,  com- 
posed of  ncveral  pieces  knitted  togrtbcr.    l*he  vof" 
tebrss  are  very  numerous.     In  some  specimens  as 
■any  as  ninety-five  are  to  be  seen;   and   these 
4iler  entirely  from  the  vertebnd   system  of  the 
liiard,  resembling  rather  that  of  fishesi  for  they 
are  flat  like  backgammon,  and  concave  on  both 
sides.    Ylie  animal  has  four  fins,  or  paddles,  eacli 
eonposed  of  sia  rows  of  small  bones,  nearly  one 
hondn^  in  all,  and  so  fitting  into  one  another,  that 
be  coulil  paddle  about  by  means  of  thctn,  moving 
with  more  elasticity  than  if  the  bonos  had  formed 
a  ftingle  piece.    'I'he  teeth  are  sharp.    This  (.reaturo 
could  only  breathe  the  air,  and  so  nnist  oHen  have 
come  up  to  the  surface.    Yet,  tigain,he  coiihl  only 
mwe  in  the  water,  and  wan  ntill  h*HS  ahh*  to  crawl 
ca  lunil  than  even  the  sea-calf.    'Hie  length,  in  some 
«••*••,  reach(*s  to  twenty-four  or  twenty-five  feet,    f n 
thr  itrsta  w  here  these  bones  are  found  there  are  many 
ofthecornu  ummonis  and  other  marine  nhells,  and 
i^msins  of  crocodilen  exi^t  in  the  name  strata. 
The  plesiosaurus  was  first  observed  in  IH21,  by 
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Mr.  Con3rbeait»  and  Mr.  Delabeche;  and  in  CW, 
Tier's  time  its  remains  had  only  been  found  Mj 
England,  unless  those  discovered  at  Honfleur  hei 
long  to  this  genus.  The  discovery  was  fully  madi 
in  1824.  The  distinguishing  feature,  the  long  nedi|| 
has  many  more  vertebrae  than  even  a  swan's.  Intlii 
fine  specimen  from  Lyme  there  are  in  all  eighty 
seven  vertebne,  of  which  thirty-five  belong  to  tto 
neck  and  twenty-five  to  the  tail.  The  vertebral^ 
though  their  axis  is  very  short,  resemble  the  cro« 
codile^s  more  than  the  lizard's.  The  teeth  are 
pointed  and  slender.  The  paddles  consist  of  many 
bones,  in  rows  like  those  of  the  ichthyosaurus ;  but 
they  taper  more,  consist  of  fewer  pieces,  not  aboft 
fifty,  and  are  longer  than  those  of  the  ichthyo* 
saurus,  nor  do  they  form  a  kind  of  pavement  like 
his.  Five  species*  of  this  animal  were  distin* 
guishcd  by  Cuvier.  That  found  at  Lyme  appears 
to  have  been  seven  or  eight  feet  long ;  but  other 
species,  from  one  jaw  bone  which  has  been  dis- 
covered, must  have  reached  the  length  of  twenty* 
eight  feet. 

The  eighth  and  last  part  of  these  Researches  which 
we  have  just  surveyed,  is  remarkable,  as  regards  the 

*  Thres  bivs  liiice  betn  added. 
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nd  diligencMi  of  tba  lllu«trbui  author,  for  two 
tilar*.  Fini,  ib«  6XtraordinAry  «iicc4«i  of  bii 
UgabU  invantigation  from  vary  icaniy  mata* 
UrivM  otpacial  aCtantion,  In  foma  cRtum  tia 
nly  Ofitt  or  two  bonento  axamina  and  to  reason 
In  oibars  ka  liad  a  far  graatar  numbar; 
limaa  lio  kail  ilia  wliola  nkelttion  in  Mcat* 
|mria ;  in  a  fow  initancat  tba  whola  togHiiar 
»ir  natural  juxta|K>Mition  and  connexion*  Uut 
iiml  wliara  lia  liad  many  bonai,  that  from  a 
9  ona,  or  from  two,  lia  could  kava  raachcd  ttia 
lama  conclunionf  which  tlia  axaminatton  of  ilia 
•  lad  liim  to.  'IIum  wan  obwarvabla  in  a  vary 
rkabia  mannar  wlum  ha  invoiitigaU*^!  iha 
iMiuruN,  or  Maurui  found  at  MiiaMtricht.  Hh 
not  <*xatniiicd  mora  than  lh»  jawbona  and  tha 
I  whan  tiM  kntw  the  whole  animal;  butlui  nayM 
a  uUl(^Ui  tooth  diMcuivaritd  it  U)  him:  ha  had 
tlia  kity;  aftar  that  imtry  oth()r  part  fell  in 
ncit  of  itHalf  into  itH  {)ro|)cr  phico.  Htn't/ndly, 
louKh  ha  wan  not  tba  diiM^ovc^rcr  of  ftitlM*r  tlia 
byanauniM  or  pIcNioMauruM,  and  ha^l  to  trcnid  on 
md  which  bin  omiiUMit  and  abhi  pn^dticiiiMoni 
|ona  ovar,  Iuh  r<*H4iarclu*M  »V4Mi  hera  w<$r«  ([uita 
iimL     11m  ('olli'ct4.«d  all  th^  cvidenca,  wlMHlu^r 
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by  drawings^  descriptions,  or  models^  of  what  had 
been  before  them ;  but  he  also  enlarged  hb  ooUectkyi 
of  facts  by  numberless  specimens  both  of  the  s«me 
kind  which  they  had  examined  and  of  diff(»«it 
kinds  never  submitted  to  their  view.  He  invnd* 
gated  the  whole  as  if  the  field  had  been  still  un- 
trodden and  the  soil  yet  virgin ;  and  acoordinglj 
his  work,  even  in  this  subordinate  branch  is  fiu 
from  being  a  repetition ;  his  inquiries  far  frtw 
being  a  mere  reiteration  of  theirs.  Where  he  does 
not  vary  or  extend  the  results  at  which  they  bad 
arrived,  he  carefully  confirms  their  propositions 
and  ascertains  the  truth  of  their  learned  conjee 
tures  ;  so  that  he  adds  to  the  precious  monument! 
of  his  predecessors,  by  either  enlarging  the  super 
structure  or  strengthening  the  foundation. 

That  such  a  guide  to  our  inquiries  is  worthy  oi 
all  confidence,  no  one  can  doubt.  That  even  his 
authority,  the  w^eight  of  his  opinion,  is  very  great 
would  be  a  j)roposition  as  indisputably  true,  if  in 
matters  of  science  it  were  lawful  for  the  learned  tc 
pay  any  deference  to  mere  authority ;  yet  even 
here  ignorant  men  may  bow  to  him,  and  receive  his 
doctrine  with  a  respect  w^hich  they  might  be  justi- 
fied in  withholding  from  others.     But  his  systenfl 


ni»  miaIi  ftpfMwl,  ftnil  rtquiriw  not  (o  Ih»  r»- 
•ikcxl  upon  tamiN  liki*  ilu»Ni».     I  fa  iuM  |fi¥<^  ii« 

ywfarfifif  tlu»  rbk  uf  iM^ini;  i»dim%tAy  mifiiifif  to  iIim 
flmwii  of  k^vitii;  fiiiy  |»i»i»i  iifi«t«t'l^f^l#  ^>^  *ny 
|Mti<iA  witlkiHii  iN  nuMfnl  \triH9f,  llutr«f  i«  imHi  h 

Mwliieli  Im«  rttiMit  HNy  |ioiiio»  of  Um  \$hiUptnp\»hy, 
tkftikir  ti«M  ruii  li^/fli  iii'ttt.rHmd  wifli  iIm  fulii^fiMof 
■iwtoNikiil  ikftiiotinlrttfion,  mikI  oflVrri*!!  lo  iIm<  tfyn 
nf  bk  ffUili'f  in  Uiit  lriiMiMfri|^  of  lU'^iirNilitt  nfiil 
\mmniii$n  ^snffrnnug,     lUn  work  U  n4imw\miiml 
wkh  IhHIw^o  foHy  uiul  fifty  rfitt|i«  mm/1  ti«fi',iioit<»  of 
ttfklN,  uSuf^n  2«V)  |/ltt(4'<»  rq^cftMfitfiMy  u|/WMnU  of 
3>fJf|     ttki'liftfiiiv,    boii*f««    t^'^itli,    und    fri«((OM5iiU, 
'ilMrM  Ari*  It  1 1  |/rifMml<f<l  to  tli^i  tixmttUmUttH  nf  flio 
M|irfl«  ill  iluur  4u$nit*t%ion  ^iiU  iImi  Miiilior'«  iltf' 
icn|HMiii  li'itlj  of  wliHt  th««  4iM{{riiiiiN  rnii,  mimI  of 
•iMt  iliiry  rithiiot,  fully  f««|/r^M«Hf ,  Kut  llii'y  ttf«t  hl^i 
|ff««c^MMl  to  tlM^  iiiiiurof  rii4«<l«  hIio  huh,  Uy  litf^^i^ 
lii«ly  <'otuMli'nM|4    iUmn,    itMiinin  a    r//fM|/wM40M 
UrtWtf^ii  lliit  «trii<rUjr««  </(  kftoMrii  fUMl  liyiuy^  tiumtnU, 
^mli\um*$*f  Mliii^h  tit«  A'urlli'ti  nimU  v.uuiaiii  huly 
t\m    r<^fW4ii««      iiiviiiK    ^'*<^*^'^    '^(ly    ''r«^'l><^    «'or 
vou  u,  ' 
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hariii^  cotnetlly  written  doini  what  he  obser? sd» 
and  scainilely  represented  m  his  figqiTO  the  8iA^ 
of  his  exnminetion,  we  are  enabled  to  see  the  whole 
pound  of  his  leaaoning ;  we  can  mark  the  points 
in  which  a  fossil  animal  resemUes  a  Uving  one^ 
and  those  in  whidi  the  two  differ;  and  we  have 
even  a  higher  degree  of  evidence  in  behalf  of  the 
author's  conclusions  than  we  have  in  reading  Sir 
Isaac  Newton's  experiments  upon  lights  becaust 
every  thing  in  this  ease  depends  upon  oonfignnb- 
tion,  which  a  drawing  can  accurately  represent^ 
whereas  much  in  the  optical  case  must  needs  turn 
upon  appearances  observed  by  the  experimenter,  and 
which  no  drawing  can  convey  to  our  apprehenrion. 
If  again  we  compare  the  certainty  and  fiilness 
of  the  proof  in  this  case  with  that  which  we 
have  in  examining  any  anatomical  propoeitien^ 
or  any  doctrine  of  natural  history^  whether  of  ani- 
mals or  of  plants,  we  shall  still  find  it  d^a  separate 
and  higher  kind.  For  in  those  branches  of  science 
much  more  is  necessarily  left  to  description*  The 
question  here  is  always  one  ptirely  ostedogical  as 
regards  the  animals;  and  osteology  is  of  all 
branches  of  anatomy,  whether  human  or  compara- 
tive, the  one  where  most  depends  upon  nsMre  figure, 
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whmm  #f  aMiMquMetf  tb«  rmukr  enn  tpproack 
Msrljr  t#  tlic  obienrar  in  weighing  the  prodb 
Ml  wlikh  bw  demantirrtlion  rMte,  l*he  geological 
■Mer  beam  but  a  •mall  {iroportion  to  the  M»ologi^ 
eil  in  thmm  ioquirien.  It  is  inileed  of  the  highent 
;  bm  it  ie  iticapabb  of  miteh  doubt, 
of  no  mietake  or  impoMtbn— (or  the 
where  ttie  diflTerent  animal  remaiim  have  been 
are  well  knowti«  ami,  in  tlie  very  great  majo* 
ntf  ef  eMeee,  are  of  eaey  aeeees  to  alL  I'he  M^ieneee 
^fmAofy  efid  mineralogy  are  amiftdently  eertatn, 
tor  the  niatti  purpoiMM  of  the  inquiry ;  the 
uml  deiieri|ition  of  tlie  bedit  of  the  globe's 
are  the  jmriions  of  tliose  miinttistsu  upon  which 
M  doubt  or  difficulty  ifnn  i*%mi;  and  tUa  ^reat  bfxly 
4f  Cnvier^ii  rt^nulu,  remains  unaflWfted  by  any  dif* 
immees  of  o|itniofi  upon  s{H$eidativ«  g^^ology. 

lime  the  comparison  stands  as  to  the  ih'gree  in 
whtA  tlie  evidencit  is  nisiile  plain  t/i  t.lii9  reatler  of 
(•'evier's  n»searches,  mul  the  rc^ader  of  rjttier  re- 
CMds  of  discovery  in  tlu$  iiMliudive  scitfticini.  But 
Ih  us  exlifful  our  view  a  liitU*  further,  and  conipar<f 
tlMi  proof*  befiire  us  in  Uufse  voluntas  with  th<ise 
fMsomngs  u|ion  nhich  tint  assent  of  mankind  hue 
giren,  awl  is  continued  unhesitatingly,  to  the 
iruthe  of  the  miaed  mathematical  sciences. 
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The  reader  of  the  *'  Principia!^  if  he  be  a  tolerably 
good  mathematician^*  can  follow  the  whole  chain 
of  demonstration  by  which  the  universality  of  gra« 
vitation  is  deduced  from  the  fact  that  it  is  a  power 
acting  inversely  as  the  square  of  the  distance  to  the 
centre  of  attraction*  Satisfying  himself  of  the  laws 
which  regulate  the  motion  of  bodies  in  trajectoiiea 
around  given  centres^  he  can  convince  himself  of 
the  sublime  truths  unfolded  in  that  immortal  w(h:^ 
and  must  yield  his  assent  to  this  position,  that  the 
moon  is  deflected  from  the  tangent  of  her  orbit 
round  the  earth  by  the  same  force  by  which  the 
satellites  of  Jupiter  are  deflected  from  the  tangent 
of  theirs^  the  very  same  force  which  makes  a  stooe 
unsupported  fall  to  the  ground*  Thet  reader  of 
the  **  Mecanique  Celeste,'^  if  he  be  a  still  more 
learned  mathematician,  and  versed  in  the  modem 
improvements  of  the  calculus  which  Newton  difl" 
covered,  can  follow  the  chain  of  demonstration  by 
which  the  wonderful  provision  made  for  the  sta- 
bility of  the  universe  is  deduced  from  the  fact  that 

*  It  18  the  object  of  the  Analytical  View  of  that  great  work  in 
this  volume  to  make  the  demonstxaiion,  the  proof  on  which  ike 
Newtooian  system  rests,  so  easy  as  to  be  followed  by  penoix 
little  skilled  in  mathematical  science ;  but  the  remarks  in  the  text 
will,  it  is  to  be  feared,  always  remain  well  founded.  Thelikvnajf 
still  more  be  said  of  the  Analysis  of  La  Place's  M6caniqu«  C6Ieii«> 


tbe  direction  of  all  the  planetary  motions  is  the 
iune,  the  excentricity  of  their  orbits  small,  and  the 
angle  formed  by  the  plane  of  their  ecliptic  acute. 
Satidying  himself  of  the  laws  which  regulate  the 
■ratual  actionil  of  those  bodies,  he  can  convince 
lumself  of  a  truth  yet  more  sublime  than  Newton's 
imoverj  though  flowing  from  it,  and  must  yield  his 
assent  to  the  marvellous  position  that  all  the  irre- 
gularities occasioned  in  the  system  of  the  universe, 
by  the  mutual  attraction  of  its  members,  are 
periodical,  and  subject  to  an  eternal  law  which 
pievents  them  from  ever  exceeding  a  stated  amount, 
•ad  securee  through  all  time  the  balanced  struc- 
ture of  a  universe  composed  of  bodies,  whose 
mighty  bulk  and  prodigious  swiftness  of  motion 
mock  the  utmost  efforts  of  the  human  imagina- 
tion. All  these  truths  are  to  the  skilful  mathema- 
tician as  thoroughly  known,  and  their  evidence  is 
as  clear  as  the  simplest  proposition  in  arithmetic  is 
to  common  understandings.  But  how  few  are 
there  who  thus  know  and  comprehend  them?  Of 
all  the  millions  that  thoroughly  believe  those  truths, 
certainly  not  a  tliousand  individuals  are  capable  of 
following  even  any  considerable  portion  of  the 
demoustrations  upon  which  they  rest,  and  probably 
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not  a  hundred  now  Hving  have  ever  gone  tkroii|^ 
the  whole  steps  of  those  demonstrations.  How 
different  is  the  case  of  the  propositions  discussed  hj 
Cuvier  and  his  predecessors  !  How  much  more  ac- 
cessible are  the  proofs  on  which  their  doctrines  repose! 
How  vastly  more  easy  is  a  thorough  acquaintance 
with  the  "  Recherches  "  than  with  the  "  PrincijncT 
and  the  "  Mecanique  Celeste !  **  How  much 
more  numerous  are  they  who  have  as  good  reason 
for  fully  beUeving  the  propositions,  because  as 
great  facility  of  thoroughly  examining  the  proofs, 
as  first  rate  mathematicians  can  have  for  assenting 
to  Newton's  third  book,  and  Laplace's  great  theo- 
rem, or  as  common  readers  have  for  admitting  any 
of  the  most  simple  truths  in  the  easiest  of  the 
sciences ! 

The  extraordinary  truths  unfolded  by  the  ''  Re- 
cherches^^  we  have  had  an  opportunity  of  stating  in 
detail.  But  it  is  necessary  to  revert  to  some  of  the 
more  general  conclusions  in  their  more  immediate 
connexion  with  the  great  subject  of  these  volumes. 
The  Illustration  derived  to  theological  inquiry  .from 
the  powers  of  inductive  investigation  in  this  branch 
of  science,  and  the  Analogy  found  between  the  two 
kinds  of  demonstration^  was  stated  in  the  Intro- 
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inefeorjr  Diieoune ;  but  these  krm  by  no  means  the 
whole  contribution  which  this  new  branch  of  know- 
ledge furnishes  to  Natural  Religion.  Before  the 
•stnre  and  extent  of  that  aid  could  be  understood, 
it  was  necessary  that  the  details  of  the  science  itself 
should  be  considered,  and  its  general  principles  un- 
falded^  together  with  the  grounds  upon  which  they 
nst.  We  are  now  more  particularly  to  make  the 
q>ldication. 

To  the  geologist,  as  Cuvier  has  well  observed, 
the  vast  periods  of  time  over  which  the  phenomena 
that  form  the  subject  matter  of  his  inquiries  have 
extended,  offer  the  same  kind  of  obstruction  as  the 
astronomer  finds  from  the  immense  space  over 
which  his  researches  stretch.  Tlie  distance  of  time 
is  to  the  one  as  great  a  difficulty  as  tliat  of  space  is 
to  the  other  in  prosecuting  bis  researches.  Yet  as 
the  properties  of  light,  and  its  relation  to  media 
artificial  or  natural,  furnisli  a  hdp  to  tl)e  senses  of 
the  astronomer,  so  the  endurable  nature  of  the 
princi|>al  portions  that  compose  the  framework  of 
animal  bodies  give  invaluable  assistance  to  tlie 
labours  of  the  geologist  and  anatomist,  supplying 
records  which  it  is  as  physically  impossible  he 
should  have  in  any  liistory  of  past  changes  on  the 
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globeras  k  is  that  the  naked  eye  of  theastrononieal 
cibeerrer  should  penetrate  into  boundless  space. 
The  most  minute  bones  of  small  animals^  even  their 
cartilagJDous  partsi,  and  the  most  delicate  shells  of 
sea  or  river  fishes,  are  found  in  perfect  preservation. 
These  shells  are  found,  too,  on  ground  now  and  lor 
ages  lying  high  above  the  level  of  any  waters, 
in  the  middle  of  the  hardest  rocks,  reaching  the 
sununits  of  lofty  mountains,  lying  in  vast  layers  of  a 
regular  form  and  solid  consistency,  and  which  seem 
to  demonstrate  the  proposition  that  the  sea  in  former 
ages  was  spread  over  the  regicms  where  those  strata 
were  formed,  and  lay  there  long  and  quietly.  The 
level  parts  of  the  earth,  which  to  an  observer  who  only 
regards  its  surface  seems  always  to  have  been  in  its 
present  state,  can  hardly  be  penetrated  in  any  place 
without  showing  that  it  has  undergone  such  revolu* 
tions  and  been  under  the  sea  for  ages ;  while  the 
bottom  of  the  ocean  has  at  those  remote  periods  been 
dry  land.  But  when  we  ascend  to  greater  heights,  we 
find  the  same  proofs  of  former  changes;  marine 
remains  often  show  themselves  on  Alpine  summits, 
but  their  kinds  vary  much  trcm  those  of  the  low^ 
regions ;  they  are  exposed  to  view  by  the  layers  in 
^hich  they  lie  imbedded  being  no  longer  horizontal 


ammu  177 

imrimi  dmf  uodar  gnmnd,  but  nearly  rtfrtical, 
imJktm  in  fim^  atidtbroirfiirarioufljriitNmt  Theiui 
itam  baiv#  for  thm  mott  part  liemi  of  a  formtttion  loiig 
prior  to  thai  of  tlio  bori;eofitttl  mwn,  ami  wera  at  otio 
tiim  dmfime^,  and  alavatad  and  rollod  about ;  tho 
mmn  waatli^  gitiat  agaot  In  ilioir  formation  a«  in  that 
«f  tiMairata  wltiish  it  aftifrwarda  il»po«itad  horizontally 
HOMnd  tlMftn ;  tbo  oeaan,  too,  wa«  tha  nget^  whieh, 
ftft4r  biiviiig  fifKt  da{)0«itod,  atb^fHrarda  di^locatod 
Aid  raiaed  t\u*m  into  roelw,  proniontoriie«,  and  ivlandff, 
a«Mdti  which  tlia  strata  ft  ill  found  horizontal  wera 


Tbi«  oeenn,  at  different  tim^s,  not  only  hald  in 

mhikm  diflTarant  daad  niatUtr,  but  waa  inliabit«d  by 

MtttaaUof  kinda  lliai  axiiit  no  mor^.  Whan  it  laiii  U^ 

tbt  aarUi  and  rirtraatad  into  it«  i»ri*«ant  [KMiition,  tha 

Mily  oua  in  whidli  wa  hava  avar  known  it  by  actual 

ctManratimi,  ita  inliabitant*  ni^arly  raM^mblad  tlio«Mi 

uliiab  titill  liva  and  Hwarni  in  it«  watarv.   Hut  at  mora 

tmtuMif  {lariodit,  and  h  lian  Ibrming;  itit  mora  aneiant 

i^dmiiM,  il  wa»  tha  racajitaala  of  animaU  of  whk'h 

ntti  a  living  traca  tiuw  rainaiu«;  animaU  all  wbo«a 

•fmitm  ara  axtinct;  aninudu  of  ganara  alMolutaly 

(Ufltraiii  from  any  now  known,  and  which  iomatimat 

|3 
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tiM  of  a  froMm  elifluitei  w«i«  iinntltoiiaoiM ;  tetik& 
fiiinbtetifm  proeen  liad  not  oinnaieneed  till  thou* 
■umU  of  y^mrn  aftm*  tlie  dmitrticiian  of  liftf,  wben* 
tbe  ae«  being  tbiiw«d,  the  expoMure  to  beat  und  air 
began  ibe  decomiKMation^  But  tbe  Muddeii  violence 
bjr  wbich  tiuMc  iaet  c4iange«  were  efllected  in  equally 
eoMpicuouM  in  tbe  tranM|iort  of  huge  blockn  from 
one  purt  of  the  couutry  to  another  in  which  lliey 
were  manifeiitly  ulratigerit. 

But  we  aeceucl  to  greater  heighlH  on  the  surface 
ef  tile  globe,  ami  we  find  tlie  Mceni*  changed.  We 
are  now  upon  the  vani  and  lofty  chainn  of  Molid 
Kick  which  travrxe  the  central  [mrlKof  the  diflfcrent 
cooiinentiif  Hi*|>arate  the  riv(*rH  thai  water  and  drain 
tli«*ni,  vi;il  thi'ir  iiununit«i  in  the  cUxidii,  and  are 
ca|»|ied  witli  never  tu(«llinf4  MnowH.  'i'huHe  arc  the 
primitive  mount ain« ;  formed  hclore  any  of  the  ot her 
new  made  utrata  whereof  we  huve  already  K|)okcni 
becauae  tlu'y  |>eiu*tratc  them  vcitictdly;  and  even 
itic«e  priiiu'val  ro(;k»Mhow  by  their  chryi»tallization  and 
eocaaioiially  by  tln'ir  Mratirnni  form*  that  they,  too, 
were  once  in  a  hquid  utate,  and  depoMted  by  waliTf 
Mhich  anciently  held  them  in  Milutitm  and  covered 
the  places  tbey  now  fill.  In  ihefie,  an  we  aw;end  to 
tlir  most  ancient,  no  animal  remaimi  at  all  are  foiuid. 
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united  togetbw  in  one  individiiid  frame,  IMurts  mm 
only  found  separate  in  distant  and  unconnected  tribes. 

Again^  the  intermixture  of  land  ammals  and  of 
fish  the  inhabitants  of  fresh  water  only,  with  those 
of  marine  origin,  shows  that  several  successive 
irruptions  of  the  ocean  must  have  taken  place,  and 
that  after  it  remained  covering  the  land  during  soe- 
cessive  periods,  it  retreated  successively,  and  left  that 
portion  of  the  globe  dry.  Nor  can  there  be  any  doubt 
that  large  portions  of  the  earth  now  uncovered  and 
inhabited  by  the  human  species  and  other  tribes  of 
living  animals  had,  before  it  was  last  covered  by 
the  sea,  been  dry,  and  been  inhabited  by  a  race  of 
animals  of  which  their  fossil  remains  are  all  that 
we  can  now  trace. 

It  is  probable,  too,  that  many  of  these  mighty  revo- 
lutions have  been  sudden,  and  not  effected  by  gradual 
incroachments  upon  the  earth,  to  destroy  its  inluH 
bitants.  The  examination  of  masses  of  flesh  bel(»ig« 
ing  to  some  of  the  race  destroyed  by  the  last  diang^ 
and  preserved  by  the  frozen  water  in  which  they 
were  imbedded,  seems  to  prove  that  the  death  of 
the  animals,  and  their  envelopement  in  water, 
the  coagulation  of  the  water,  and  the   introduc- 


fMinfmeiiwm  prMMi  tiad  not  eommmuied  UU  tiioti<- 
MAdt  of  yc«rs  after  Ui«  de«true(tMMi  4(>f  life,  wbea^ 
fhe  lAt  beiag  thawed,  th«  expo«ura  to  baU;  and  air 
hff/vi  iiat  djBeompomi'unL  But  th«  «uddeu  viokneo 
bjr  iriiidii  dMMe  la«t  liiangos  wera  eilected  is  equally 
ciij^ykiuoiitj  10  th»  trai»i${MNi  of  liU({e  blucks  from 
vMf  |jart  of  tlMf  eoutttry  to  JUiottier  ia  wliidi  iiki^y 

BmI  W€  MMcaud  to  gr4$ai«r  lieigtiis  on  Ui4>  surface 
W  <ijMf  (g,io^,  aud  w«  fitid  tli«  tjceiie  changed.  W«» 
«fe  uow  upou  iiie  vai»t  aud  lofty  chaiu^  of  solid 
POck  ubieb  trav^iDM;  Ui«  ceuti*«l  {/art  b  of  tlM»  diiK^retit 
ewaifieata,  sM*i>arate  tlite  riveris  iiiai  waier  and  djaiii 
tiieoi,  \>ril  tlieir  suiiiuiiu  in  tii4;  clondsi,  and  aro 
capiied  witti  lu^'er  uiehin^  snoHs.  'iUiine  are  the 
|M'iiiiiti%'«$  toountahis ;  lornied  l>erore  aiiy  of  t  he  otlK^r 
ii«w  uAadit  strata  wliten^f  we  have  already  2<|>oLen, 
\i0i4MUMi  ilury  penyetrate  them  vejlically;  and  even 
\bk^  |/riiiu'val  roi^km^iujw  by  tiieir  ehi  ystalli/atiouand 
Mcx'ttijioMally  hy  tl^ir  stratified  lonns  tlut  tli(>y>  too, 
»«»re  ouce  in  a  liquid  state,  aiid  dej>osited  by  watiiTs 
iilm:h  Miiclenilv  lield  tlieni  in  solution  aiul  <'overed 
tiie|4aue«  li^^y  now  till.  In  these,  as  ae  a«eend  to 
the  luQtft  aiM:ieni,iM>  animal  reniains  at  all  are  found. 
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Tlie  shells  and  other  marine  productions  so  abundant 
below^  and  in  the  more  recent  layers  of  the  glober 
here  cease  altogether  to  exist  The  primeval 
rocks,  therefore,  were  first  held  in  a  liquid  state, 
and  afterwards  deposited,  by  an  ocean  which  con* 
tained  in  its  bosom  no  living  thing ;  an  ocean  which 
before  covered,  or  washed,  a  continent,  or  idandsj 
on  which  life  never  had  existed. 

There  is  also  little  doubt,  according  to  Cuvier, 
though  we  give  not  this  as  an  incontestable  proposi- 
tion, that  the  prodigious  changes  which  we  have  been 
contemplating  must  have  been  operated  by  a  force 
wholly  different  from  any  that  we  now  perceive  in 
action  upon  any  portion  of  the  globe.  The  power 
employed  to  work  some  of  the  displacements  of  which 
we  see  the  traces  is  shown  remarkably  in  the  insulated 
irasses,  found  removed  from  great  distances^  and 
lying  still  at  vast  heights.  On  the  Jura,  at  near 4,000 
feet  above  the  level  of  the  sea,  are  found  blocks  of 
granite  evidently  carried  from  the  Alps,  one  of  which, 
containing  50,000  cubic  feet  of  stone,  has  been  re^ 
moved  and  placed  in  its  present  position  after  the 
formation  of  the  strata  on  or  among  which  it  lies^-*^ 
strata,  the  materials  of  which  do  not  fill  its  interstices, 
but  have  been  rent  and  broken  bv  its  falU    None  of 
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A*  oper*tioi»  now  obterrcl  on  t)ic  eaKir*  «urriic« 
HtMactMJIjr  et^Min  either  thiK  or  i)ie  cittu>r  rcvo- 
htioM  in  qiMntion.  Tlie  trfl^ctH  uf  wi.-iilh«r,  dtfu>r 
■  ttw  flill  of  nun,  or  in  alliTnufe  frothing  or  tiiun*- 
nf  of  water,  though  »uflicii>Rtly  [MWf'rful  und  vi^ry 
bnwftcial  upoti  ■  «niill  •cal<>  in  ilecuiii]>uiiii^  mIoiikk 
wkI  pulvvrizini;  earths,  am  roti(iit«d  wiiliin  i-'im- 
[lantively  narruw  litnili.  'I'}i(>  iw.li>»i  ofrivemin 
weahny  down  tlwir  banki,  and  chun^iu^  tiitf  pusi- 
tioa  of  liurir  beda,  n  reiitrictf-d  to  tliuttv  l>iirik«  liiul 
Wda,  aud  »  of  alow  and  ulmuM  imjMfrcwjitible 
efwratioo,  unleM  ia  uoaiv  (.-aMeo  of  rare  o«eiir> 
rmer,  where  a  mountaiuomt  mniiu-iu^  tunnj^  gm- 
ddally  undrriuined  may  full  and  dam  uji  a  rir«r 
ami  cauMs  a  lake  tu  be  f'onued,  or  wlMtre  a  lake 
may  be  let  out  of  il»  reaemjlr  by  the  wi-iiriti^  away 
of  aume  rid|;«  formiiif(  itH  dam  or  liuad,  aud  ko 
iuuixUte  (be  country  below — ev<nt<>  Itan-ly  [HwMbUt 
bt  it  obaerreil,  and  of  nhicii  ilu-  \vrui*i  of  auilH-niic 
lii»lory  reeorda  scarcely  mi] 
iucroaelinw^taorttMieaar'-  •■vn  momg 
iboaeof  rivers;  nor(-anan\  ]>rool  be  fou 
tiaworvr  wliich  auilientic  Iiuhmu  annala^ 
material  change  in  \Miiuaa  of  || 
ipcct  to  iia  alwrefl;  the  i 
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being  to  wear  away  an  isthmus  here  nbd  tliere»* 
or  cover  a  mile  or  two  of  low  aad  flat  coastf 
The  wonderful  force  of  a  column  of  oompressed 
water^  in  a  vertical  fissure  connected  with  a 
subterraneous  sheet  of  it,  however  shallow,  but 
filling  a  broad  space — the  resistless  power  of  such 
a  column  to  move  about  any  superincumbent 
weight — ^has,  periiaps,  been  too  little  taken  into  ac- 
count as  an  agent  in  effecting  changes  on  the 
earth's  surface.  But  these  operations  must  be  ail 
merely  local.  Volcanic  action  is  still  more  topical 
in  its  sphere;  and  though  violent  enough  witfani 
these  narrow  limits,  produces  consequences  wholly 
confined  to  them,  and  unlike  those  which  are  under 
consideration.  Lastly,  whatever  effect  could  be 
produced  by  the  motion  of  the  earth  is  of  incom- 
parably a  more  slow  and  gradual  kind  than  any 
now  enumerated.  The  motion  of  the  poles  round 
the  jdane  of  the  ecliptic,  and  the  nutation  of  the  axis, 

*  There  leems  reason,  from  some  ancient  autheritiee,  to  believe 
that  the  Itle  of  Wight  wag  once  a  peninsula  when  the  tide  was  out, 
to  which  tin,  the  staple  of  the  ancient  British  esportation,  was 
canned  in  waf^gons  at  low  water  to  be  shipped  for  GmiL 

t  The  estate  of  Earl  Godwin  in  Kent,  now  covered  by  the  sesi 
is  one  of  the  principal  examples  of  this  kind  of  change ;  and  there 
must  clearly  be  great  exaggeration  in  th«  accorati  girea  ef  it 
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u$  mtoifmamtB  of  this  kind,  and  never  exceed  certain 
Btmw  litnita.  The  rotntion  of  the  earth  has  a 
lefuhtf  and  defined  tendency  to  acotimulate  matter 
toirards  the  equator,  and  flatten  otir  globe  at  the 
mo  poles,  but  no  other;  and  certainly  neither  a 
sodden  nor  a  violent  eflTect  can  be  operated  by  this 


The  result  of  the  Researches  upon  the  fossil  bones 
of  land  animals  has  demonstrated  those  changes 
still  more  ineontestably  than  the  examination  of 
the  remains  which  have  been  left  by  the  inhabitants 
of  the  ocean ;   both  because,  as  they  must  have 
itvod  on  dry  land,  their  being  found  in  strata  de- 
posited by  water  proves  that  water  has  covered 
parts  of  the  continent  formerly  dry,  and  uIho  t>e- 
eattse  their  species  being   fewer  in  number  and 
better  known,  we  can  now  certainly  tell  whether  or 
not  the  fossil  animal  is  the  same  with  any  still 
living  on  the  globe.      Now,  of  the  one  hnn<lred 
and   fifty  quadrupeds   examined   by  C/tivier,   and 
wliose  remains  are  found  deposited  in  diflTorent  strata 
ef  our  continent,  more  than  ninety  are  at  present 
wholly  unknown  in  any  part  of  the  world ;  nearly 
wUy  of  these  are  of  genera  wholly  unknown,  tlie  rest 
bring  new  spooies  of  existing  genera ;  only  eleven  or 
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tweWe  are  so  like  the  present  races  as  to  leare  V0 
doubt  of  their  identity^  or  rather  of  their  osteology 
being  the  same ;  while  the  remaining  fifty,  though 
resembling  in  most  respects  the  existing  tribes,  as  fiair 
as  the  skeletons  are  concerned,  may  very  possibly  be ' 
founds  on  more  close  survey^  and  on  examining  more 
specimens,  to  differ  materially  even  in  their  bones. 
Nor  is  it  at  all  unlikely  that,  of  the  whole  one 
hundred  and  fifty,  every  one  would  be  found  to  be 
of  a  race  now  extinct,  if  we  could  see  their  softer 
parts  as  well  as  their  bones  and  their  teeth.  But 
the  relation  which  these  different  species  of  ancient 
animals  bear  to  the  different  strata  is  still  more 
remarkable  and  more  instructive  in  every  point  of 
view. 

In  the  fir^t  place,  it  appears  that  oviparous 
quadrupeds,  as  crocodiles  and  lizards,  are  found  in 
earlier  strata  than  those  containing  viviparous  ones> 
as  elephants  and  others.  The  earth  which  they 
inhabited  must,  therefore,  have  existed  and  been 
watered  by  rivers  before  the  chalk  formatiouj  be« 
cause  they  are  found  under  the  chalk  in  what  is 
termed  the  Jurassic  formation. — But>  seeondltf, 
among  the  strata  subsequent  to  the  chalk  forma* 
tion,  tjie  unknown  genera  of  animals^  pal«otberia» 
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•atplollMrui,  are  ouly  found  in  the  Mriat  of  b«ds 

tmmBlkUly  ovtr  the  ehalk.    A  rery  few  upocios  of 

kiMm  genera  of  viriparout  quadrupc*ds  are  found 

vilh  them,  and  aliio  tome  frenh-wttor  fiMhe«i.— • 

TkMfy.  Certain  extinct  speciew  of  known  genera^ 

m  flephaata^  rhinoceroi,  are  not  found  with  tho«e 

More  ancient  aniniahi  of  extinct  genera,    lliey  are 

dully  found  in  alluvial  earth,  and  iti  the  mont 

rtmoi  tertiary  utratUi  ami  all  that  we  find  with 

thne  extinct  •peciet  are  either  unknown,  or  of 

than  doubtful  identity  with  any  now  exintin^. 

ioi  thoee  remains  which  appear  identkal  with 

tin  kaown  upeciet  are    found  in  recent  alluvial 

ctrthfy  and  places  which  Mem  to  belong  to  the 

pment  world. — Fourthly.  We  have  fcen  that  the 

most  ancient  secondary  strata  contain  reptiles  and 

no  eiber  quadnipeds.     None  of  the  rocks  at  all 

eontain  any  human  remains;    nor   were  any  re* 

mains  of  the  monkey  tribe,  or  any  of  the  family 

t4  quadrunianes  foutul  in  Cuvier*s  time,  if  indeed 

ihij  are  obsenruble  even  now.      In  turf-lnigs,  in 

roau  and  cavities,  umler  ruins  as  well  as  in  c«nne- 

teiies,  human  skeletons  are   from  time  to  time 

fiiaad;  but  not  a  vestige  of  them  or  of  any  human 

boM  ia  any  of  the  regular  strata,  or  of  the  fissure 
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deposits,  or  of  the  eaves  and  eavems  whidi 
with  all  the  other  animal    remains, 
human  bones  have  been  found,  were  undool 
placed  there  by  human  agency  in  recent  tiines^.;i 

For  Cuvier  has  examined  with  the  utmost 
ibe  instances  which  were  pretended  to  affotd 
of  human  remains.    He  closely  investigated 
thousands  of  the  bones  in  the  Paris  basin,  and  ia^ 
deposiu  of  Provence,  Nice,  and  others.     Ali  iM^ 
had  ever  been  supposed  to  be  human  he  found  la||P 
either  animal  bones,  or  bones  of  men 
placed  among  the  others,  or  in  some  other 
satisfactorily  accounted  for.     The  skeleton 

posed  by  Scheutzer  to  be  a  man's,  and ^ 

made  the  subject  of  his  book,  ''  Homo  DUmi^i 
Testis"  a  century  ago,  has  been  already  adHKlIt/^}. 

m 

ta  Cuvier  undertook  the  complete  examinatifla  iC 
it.  The  first  skeleton  which  formed  the  subject  itf ' 
Scheutzer's  argument  was  found  near  Amiens.  TSu/Hf 
years  afterwards  another  was  discovered,  but  itspqih 
sessor,  Gesner  himself,  raised  grave  suspicions  tlttC 
it  was  some  lower  animal's  remains.  A  more  mMp* 
plete  one  than  either  was  afterwards  found.  Cuaji^ 
has  engraved  this,  together  with  Scheutzer*8  cegH|t 
from  his  own  book — and  how  any  person  ooi^ 
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■IpMi  tlM  barn  intpectiofi^  ever  hare  ooneeif ed  thet 
•ilher  wm  m  bunuui  tkeleton  is  truly  inootnpre- 
hiMible.  But  Curier  has  further  engraTed  a  land 
nhiiMUider,  whose  osteology  be  had,  after  bis  admi- 
fibk  manner,  thoroughly  examined,  and  its  like- 
Ms  to  the  fossil  remains  shows  it  to  be  of  the  same 
|iiiit»  though  of  a  wholly  new  speciefi,  above  six 
tma  larger.  He  enters  at  large  into  the  details  of 
die  difference  between  these  remains  and  the 
htman  skeleton.  But  a  further  demonstration  of 
duir  nature  was  reserved  for  him  when,  in  1811,  at 
Lijrden,  he  had  access  to  the  actual  fossil  itself  of 
Meutser,  and  was  permitted  to  remove  a  portion 
if  the  incrusting  stone.  He  did  this  with  the 
nltmander  by  him,  and  predicted  the  kind  of  bones 
thit  would  be  discovered  by  the  operation.  The 
weesM  of  the  exjieriment  was  complete ;  and  to 
•bow  the  difference  between  this  skeleton  and  a 
Intman  subject,  C/Uvier  had  the  satisfaction  of 
>lio  discovering  a  double  row  of  small  and  sharp 
^h,  studiling  the  fringe  or  border  of  the  large 
^lar  mouth.  In  1818,  lie  had  an  oppor* 
^wiity  of  repeating  this  examination  upon  the 
W  found  specimen,  which  is  now  in  the  British 
Mmsum,  and  with  exactly  the  same  result     It  is 
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therefore  denunurtrated,  as  clearly  a«  any  fact  in  the 
whole  compase  of  physical  science,  that  these  bones 
belong  to  a  race  wholly  different  from  the  human 
q>ecies,  and  indeed  from  any  species  now  existing 
on  the  face  of  the  globe.  Finally,  places  where 
human  bones  have  for  many  centuries  been  depo' 
sited  with  the  remains  of  animals,  as  the  ground 
under  ancient  fields  of  battle,  hare  been  examined^ 
and  it  is  found  that  the  one  are  quite  as  well 
preserved  as  the  other,  and  have  not  suffered  noon 
decay.  The  importance  of  establishing  the  con- 
clusion that  no  human  remains  are  to  be  found  in 
the  strata  of  the  earth  will  presently  appear^  and  if 
the  reason  why  we  have  difelt  upon  the  evidence  in 
somedetaiL 

If  we  next  inquire  at  what  period  the  last  great 
change  took  place,  although  of  course  no  records 
can  remain  to  fix  it,  yet  we  have  some  data  on 
which  to  determine  the  limits  of  the  question*  Tbs 
progress,  of  attrition  in  the  larger  rivers,  as  the 
Dnieper  and  the  Nile,  and  also  the  formationof  downs 
where  they  approach  from  the  sea,  has  been  ob* 
served,  as  on  the  coast  of  the  Atlantic  in  the  south 
of  France ;  and  the  results  indicate  no  very  remote 
antiquity  as  the  age  of  the  present  terraqueous  dis* 
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t  K|   tiftatioD ;  certainly  not  more  than  5,000  or  6,000 
}^    Of  these^  history  only  goes  badL  about 
%000.  Homer  lived  but  2,800  years  ago.    Genesis 
Moot  have  been  written  earlier  than  3,300  years 
kcL    Even  the  earliest  Chinese  monuments  that 
am  authentic  reach  but  2,255  years.    The  astro* 
,  oomical  remains  of  the   East,   when  closely  ex- 
amiaedj  especially  the  Zodiac,  prove  nothing  of 
that   extreme  antiquity   which    was  at  one  time 
ascribed  to  them.     Nor  do  the  mines,  such  as  those 
of  Elba»  from  which  similar  inferences  were  for- 
merly deduced,  show,  since  their  more  accurate 
examination,  any  thing  of  the  kind.     Indeed  none 
of  the  conclusions  they  lead  to  can  be  regarded  as 
at  all  of  a  certain  kind.     The  general  result  of  the 
Inquiry,  then,  is,  that  at  a  period  not  more  remote 
than  5,000  or  6,000  years  ago,  a  mighty  convulsion 
covered  with  the  ocean  all  those  parts  of  the  globe 
then  inhabited  by  man  and  the  other  animals  his 
contemporaries,  and  left  dry  those  other  portions 
of  the  earth  which  we  now  inhabit.    The  few  re- 
mains of  the  races  then  destroyed  have  served  to 
people  this  new  world ;  it  is  only  since  this  period 
began  that  we  have  entered  upon  the  progressive 
state  of  improvement  in  which  our  race  has  ad- 
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vanced;  and  to  this  period  whaterer  historieal 
monuments  we  possess  of  the  globe  or  km 
inhabitants  are  confined.  But  it  is  equally  etear 
that  this  inhabited  earth,  then  left  dry  te 
the  last  time,  had  previously  undergone  several 
revolutions,  and  had  been  alternately  dry  land 
and  covered  with  the  ocean,  more  than  ooe^  . 
or  even  twice,  before  this  last  revolution*  We 
have  access  more  particularly  to  examine  the 
condition  and  population  of  the  earth  when  it  was 
last  inhabited,  that  is,  when  the  sea  left  it  the  last 
time  but  one.  We  are  now  living  in  the  fourth  aeni 
or  succession  of  inhabitants  upon  this  eartfaL  The 
first  was  that  of  reptiles ;  the  second  that  of  palsso^ 
theria;  the  third  of  mammoths  and  megatheria; 
and  it  is  only  in  this  present  or  fourth  aora  in  suc- 
cession that  we  find  our  own  species  and  the  ani* 
mals  which  have  always  been  our  companions. 

We  are  entitled  th^n  to  affirm  that,  with  respect 
to  animal  life,  three  propositions  are  proved,  all  of 
great  curiosity,  and  still  more,  when  taken  eithor 
separatdy  or  together,  all  leading  to  eoaclusions 
of  the  highest  importance-— 

iT^v^^—that  there  were  no  animals  of  any  kind 
in  the  ocean  which  deposited  the  primary  stcata^ 
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Mr  maj  on  the  eontifiMt  which  that  ocma  had 
M  drjr  upMi  its  retreat ; 

Seecmdhf  ■  -that  tlie  preMSit  race  of  atiimak  did 
cxiat  in  the  eariier  MicceMtre  stagef  and  revoln- 
through  which  the  globe  hai»  paated ; 
IMfy— that  our  own  species  did  not  exist  in 
earlier  stages  either. 

Now  the  conclusion  to  which  these  propositions 
leads,  and  which  indeed  follows  from  any  one  of 
them  taken  singly,  but  still  more  rrmarkaUy  from 
the  whole,  and  most  especially  from  the  last, 
is  that  a  creatire  power  must  hare  interposed  to 
alter  the  order  of  things  in  those  early  times*  That 
an  interpomtion  of  tliis  kind  took  place,  the  last 
and  anost  im|)ortant^  about  G^OOC)  years  a^o,  is 
highly  probable  from  the  physical  and  natural 
mdence  alone  which  is  before  us,  and  to  which 
alone  in  this  work  reference-  can  be  ma<le.  But  the 
date  is  not  material.  If  at  an  uncertain  period 
before  the  present  condition  of  the  earth  and  of  its 
iababitants,  there  were  neither  men  nor  tlu;  present 
raea  of  creatures,  wikl  ami  domestic,  which  p<!oplo 
the  globe,  then  it  follows  that  between  that  peri^xi, 
whensoever  it  was,  and  the  earliest  to  which  the 
biatory  of  the  world  readies  back,  an  interposition 
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of  power  took  place  to  create  those  animals^  and  maa 
among  the  rest.  The  atheistical  argument,  that  the 
present  state  of  things  may  have  lasted  for  ever,  is 
therefore  now  at  an  end.  It  can  no  longer  be  affirmed 
that  all  the  living  tribes  have  gone  on  from  eternity 
continuing  their  species ;  and  that  while  one  gene- 
ration of  these  passed  away  and  another  came 
up  in  endless  and  uninterrupted  succession,  the 
earth  abided  for  ever.  An  interruption  and  a 
beginning  of  that  succession  has  been  proved.  T!ie 
earth  has  been  shown  not  to  have  for  ever  abode  in 
its  present  state;  and  its  inhabitants  are  demon- 
strated^ by  the  incontrovertible  evidence  of  facts, 
to  have  at  one  time  had  no  existence.  Scepticism 
therefore  can  now  only  be  allowed  as  to  the  time 
and  manner  of  the  creative  interposition;  and  on 
these  the  facts  shed  no  light  whatever.  But  that 
an  act  of  creation  was  performed  at  one  precise 
time  is  demonstrated  as  clearly  as  any  proposition 
in  natural  philosophy,  and  demonstrated  by  the 
same  evidence,  the  induction  of  facts,  upon  which 
all  the  other  branches  of  natural  philosophy  rest 

It  is  wholly  in  vain  to  argue  that  the  sea  or  the 
earth,  or  the  animals  formerly  existing  and  now 
extinct,  or  any  other  created  beings,  or  any  of  tlk€ 
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jioirvn  of  nature,  mt  we  know  it,  or  un  il  hun  er«r 
Wn  known,  coiilil  have  inuil»  tli»  cliungi-.  It  is 
dilEciilt  (.-noiigh  to  c<mr.i:)\t!  liow  tli(!iH!  known  Torcot 
ctulil  fviT  liiivfl  il<!!)irr>yi!(l  llio  tsirtliH  foniuT  iiilia- 
iMlaritH.  lint  MippoMU  iIir  iipproacli  of  sonin  cornet 
wtriltpr  hody  iil  difTorcnt  Ijiiich  jiroilncfd  flu;  viul, 
tiilc«)iy  ntiidi  lliv  lund  whn  Hiiccf^tivi-ly  ^wc])l,  iIijh 
till  not  tii'coitnt  for  new  Npccit-M  iiinl  ni'tv  ^i'iit;m  of 
lining  crratiin-.H  liiiving  HpniPig  nj)  Wtti  to  inliubit 
ihr  laiiil  iiNil  to  jH'opk-  lliu  wHt<:rN.  An  act  of  cri;)i- 
tibn— lliat  uhicli  wonlrl  now  he  iidniittt'il  :ih  u  rlircrt 
in'erjKHJlion  of  a  xiiijcrior  inli!|lji;i'n':<;  am)  powiT — 
Dlii-it  havfr  tiikr-li  ]>liii-t:.  'lU'iH  in  tlii!  xiiljlinif;  ron> 
<iH«ioii  to  wliirli  thcst!  Itt.Hi-arclicH  Icful,  condiirtiTil 
Mfording  tij  the  mosl  rijjoroin  rulf^  of  ijidiiciivo 
^liiiwoiiliy,  i>rci-]>idiii;,Milli><..'.sil.llityof(Tavi],ar(:c<<. 
'ililr  lo  cvt-ry  on«  wlio  "ill  kivi-  iilinitll'  Ui'.-  troidilo 
bf  i-xiimiiiing  tlit:  hU-i,h  r.f  liif  rcattooiiig  mio 
ihpy  r<'j'0<<f,  and  nvnunn^  douid 
pro]Kfrtion  a-t  llii'iru)i{)i*<!li<'ii 
I'  M  :in  iiivsiliialili-  addition  to  ifa^ 
Thwdui-y,  and  forni»  a  iliaiilei 
«iy  bf  the  1 
Iliatdry, 
Such  an;  llie  I 
VOL.  II, 


whirl] 
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and  fundamental  argument  of  Divine  Intelligence 
and  contrivance  by  the  recent  discoveries  in  Fossil 
Osteology.  The  evidence  of  design  in  the  combi- 
nation and  mutual  adaptation  of  the  parts  of  extinct 
animals^  we  pass  over  as  only  a  multiplication  of 
proofs  sufficiently  numerous  before.  But  the  other 
branch  of  Natural  Theology,  that  which  investigates 
the  Divine  Benevolence,  also  derives  aid  from  this 
new  quarter.  We  now  refer  to  the  argument  main- 
tained in  the  Dissertation  upon  the  Origin  of  Evil, 
and  also  to  the  theories  which  were  there  very  respect- 
fully considered,  and  diffidently  and  reluctantly  found 
to  be  unsatisfactory.  The  late  interesting  discoveries 
have  thrown  new  light  upon  both  these  subjects  of 
discussion,  and  the  authors  of  some  of  the  systems 
which  we  examined  may  appeal  to  the  improved 
state  of  our  knowledge  respecting  the  Chain  of  Being, 
as  we  certainly  do  make  our  appeal  to  it  upon  what 
appears  to  be  a  more  solid  ground  of  argumentation. 
The  doctrine  respecting  the  Chain  of  Being  is 
admitted  to  be  incomplete  as  regards  the  matter  of 
fact,  inasmuch  as  we  find  many  and  large  blanks 
in  the  series  of  animated  creatures  known  upon  our 
globe.  Whatever  other  objections,  therefore,  were 
competent  against  this  theory,  an  additional  on^ 


wuu,  II J  at  litlli^  uj;|>i^rum'-(>  of  u  (Jhuin  <>r  Heiii^ 
wniiii  fliM'rriiiblH  in  lljii>  uiiivt'it^i'.  \tjw.  \\u*  sup- 
|wr1i«rD  of  Uji>4  «J<x'1r'iu'  liyv*'  <'.i*iiyJMl\  y  rij^lil  l.y 
nuuniuiii  ihul  iIk*  blanks  ijn'  flll(><J  ii]j  in  u  vrry 
n-iniiikabli'  iiujim^r  l>y  iht*  rrr.«'ii1  < J !%»(:(> xnirs.  j''i>r 
till*  Di'W  >j;i'cii*sor«rjliiiuls<Jis<'OVtT*'<J  lo  li:j\<>  oxisltMJ 
III  lonniT  hiyti's  t/fUii'  ;jl<yl>f,  ijn<jiji'>lloiuiljly  fill  iit; 
yniw  oi  the  iiio><1  n*tnijrkij}>li'  chiisins  lu  uur  scnt':^ 
<il  liHii;?  ijliiiiiiils.  'J'IjiisI  llr  chirr  bl:j Ilk  v\:jbylw:iys 
(fWrvi'il  in  llu'  |;:i«'h\<lrntjii1(;ns  ijniMiijl>.  ihf  I'l.'w- 
|>I  III  iiijinlj<'i,  till*  Ji'usl  :jj;j;r<>:ji('iiiM^  onr  ;inf;llirr, 
kihI  lljt'  mIiuIi'  irjlji'  ihi'  niosi  ri'ni«;Vfil  injui  <;ilit'i>. 
•N'm  l^o^l  ol  lli«'  ni'w  jn<l  fMiurl  kind^  of  (jii:iilni 
(H(|h  lif]r;|i^  1(;  tllis  i-i:i^>.  :ilj(i  %\i-  lj:iNf  I|:m1  f><'<-:isi<;i| 
'•»  i,i;MT\«'  how  links  Jir«'  Mij;j>lir<l  Iji'lwrcn  nirr  :in<i 
t'Mf  IijiImtIo  nfii>i".ii'in'^f  :illo;.'.<'*l"''' '''^^  ""'^■ 

lint  iihlton^^lj  v>i'  niiiv  itol  !>«'  |u^1Hil-<l  in  ti*j;o>in;r 
Jfii:t1  foiilitli-ii«-f  in  ilii-  ;ir;j;ntiii-n1  ilciwij  Iroiij  llii* 
|ii.iii  of  ;i  (AinMi  of  J^■in^^  ;i-  ;ij)j/linf  ii>  ifn-  Mil>jrr1  ol" 
)«f)Mii\r  i-\  il.  llii-n*  i>  iinoilicr  pfiiiit  oi  \ii'v^  jn  whi'lj 
'111-  >ul;|i'«'i  rnJiy-  v\itli  jwrli-ri  >;ifiiy  hi'  «'on.-jtliT<«l. 
A>  t.ii  ;ib  ri-;*:inl>  ini"f«-  »l«li«'t,  nun-  inij/i-/"f<  rlii>n, 
<'  •>  I^O^I  liniM;|1<llJt  1o  ttnii^ltUt  ulirtlx  r  llir  jjiill  of 
ih\i\a'  |'io\i«l«  nt'i-  iiiJiy  nol  h;iM'  l;<'iii  to  rn-jiii- ;j 
MH(.i>M<;ii  f;f    IxjJi^i:    ll^in;/   out*   iihovi'   •motiii'i'   Jli 
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attributes ;  say  merely  of  intelligent  beings  thus  dif- 
fering  in  their  approaches  to  perfection.     The  im- 
portance of  this  consideration  cannot  fail  to  strike 
the  obser^'cr  when  he  reflects  that  there  is  no  posd- 
bility  of  separating  one  of  the  greatest  of  all  positive 
evils,  death  itself,  from  mere  defect  or  imperfection^ 
as  was  observed  in  the  Dissertation  already  referred 
to ;  not  to  mention  many  other  kinds  of  evils  arising 
from  mere  imperfection, — as  all  that  proceed  from 
weakness^  from  ignorance,  from  defect  of  mental 
energy,  as  well  as  mental  perspicacity.     All  these 
evils,  and  all  their  various  consequences,  originate 
in  mere  defect  or  imperfection.     Therefore  it  is  of 
no  little  moment  in  this  important  argument  thai 
we   should   be   able  to  derive    any  new   light  to 
guide  our  steps  upon  that  part  of  the  ground  which 
belongs  to  defect  or  imperfection. 

Now  the  late  discoveries  certainly  afford  us 
some  such  lights.  They  show  as  plainly  as  the 
evidence  of  facts  can  show  anything,  that  there  was 
a  time  when  this  globe  existed  with  animals  to 
people  it,  but  without  any  beings  at  all  of  the 
human  kind.  The  sounder  opinion  certiainly  is, 
that  there  have  been  a  succession  of  stages  through 
which  the  earth  has  passed,  with  different  races  of 


iwA  %fy  d^if i*h,  *ivl  ftiikf.  vjhm^n^mruf.  fi^inrifl.ft  w •>!•»« 

«« dlijUl  obl^  %*y  fh^f.  r.h*r*s:  h*;^  K^-'^n  two  ^ra-», 
«^ift  utiAfii  Uiftreifif  a.rurA;».U  otilj  #r"^i-*f*fl  wilPi/^rt 
««*/.;  *r*/l  ffut   ^XiTirf^rf   m  »fur:I:i  9»*r  u»^  li-j^,    a.n'1   in 

•ifr  ^W^-  '/Tfj-u  t%  '^ittii'^f^fl  by  all  who  tjAt«T  con." 
wiff«r'l  ffjir  tz'^uU^jur .  4f»4  fli/fy  wli//  f.h*r  riu>sf. 
tV«*tf*'>«iiIy  tUft^y  fii^i  Mti/rf  ^l/yrtf  true*  of  Fo>*il<f^)^*<:0' 

t.  /,ii.    i.t,;$.*    tits:    r«-u':*  of  Jifi  ;»;(«:  ar«r    <.l«'ii.r!y   'liv- 

*it  ;^  tiiiii?  viji^fi  ili/j  O«ra*or  ita^l  liot  brouj^Ja  iiit^i 
•:>i**u^:<?  aiiv  L<'iii;j  aUy^<;  «h<*  rank  of  I  he  Iowct 
^i'.ri.;AU,  ft  folLo'A^  f flint  tL«;  t\i\'iu<i  v^Mom  lia<l 
'.'/  ii,<rfi  U*o*jght  ftt  l/y  rrt^au-  any  aiiiiiial  en<i(>wed 

*i'*4ii«A-%  of  iJ«'  (iuri<i*ii  ^j/4'ci<fh.    If  an  oWrver  hi 
^'^•'11  {iUc«;'l  in  il*at  woiM,  and  lx*<fn  called '•««« 
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reason  regarding  it,  what  would  have  been  his 
reflections  on  the  imperfections  of  animated  nature  ? 
Yet,  after  a  lapse  of  some  ages>  those  defects  are 
all  supplied,  and  a  more  accomplished  animal  is 
called  into  existence.  The  faculties  of  tha^t  ani- 
mal, and  his  destinies,  his  endowments  and  his 
deficiencies,  his  enjoyments  and  his  sufferings,  are 
now  the  subjects  of  the  observer's  contemplation 
and  of  his  reasoning.  What  ground  has  he  now 
for  affirming  that  a  more  perfect  creature  may  not 
hereafter  be  brought  into  existence — a  creature 
more  highly  endowed  and  suffering  far  less  from 
the  evils  of  imperfection  under  which  our  race  now 
suffers  so  much  ?  No  one  can  tell  but  that  as  many 
of  the  former  inhabitants  of  the  globe  are  now 
extinct — tribes  which  existed  before  the  human 
race  was  created  —  so  this  human  race  itself 
may  hereafter  be,  like  them,  only  known  by  its 
fossil  remains ;  and  other  tribes  found  upon  other 
continents,  tribes  as  far  excelling  ours  in  power 
and  in  wisdom  as  we  excel  the  mastodon  and  the 
megatherium  of  the  ancient  world. 

It  is  to  be  further  observed,  that  no  uncreated 
being  can,  by  the  nature  of  the  thing,  have  any 
right   to   complain    of    not    being    brought  into 
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cxiitenoe  earlier.  Tlie  human  race  cannot  com- 
plain of  having  come  no  late  into  the  world ; 
nor  can  any  of  the  triljeH  created  Ix^fore  \w  com- 
plain that  they  were  Ichh  perf(?ct  than  a  Mpccies, 
tk  human,  which  did  not  tlicn  exint.  Have  vw, 
then,  the  inhabitantH  of  the;  prcMciit  world,  any 
kettf'r  upaHon  to  c^nn plain  that  the  new,  an  y(*t 
unknown,  pOHHibh;  rreatunM  of  a  future  period  of 
tli«?  imi\er«»e  have  not  as  yet  eome  into  exi-»tr'fiee  / 
it  must  )m*  confeHHed  that  lh<;  extraordinary  laet, 
now  niade  elcurly  and  iridi-.j;ut;d)ly*  kiiowfi  lo  u.-4,of 
•t  world  having;  exi.-ited  in  whieh  there  were  ;il>un- 
danc*'  of  inferior  creature.^,  and  none  of  our  own 
raa*,  (»iveH  um  every  (ground  for  liejirvin^  it  pr/^nihle 
thai  iJivine  lVovideiie<j  may  hereafrer  sujiply  (^mt 
plan?  on  the  ^IoIkj  with  another  race  of  l/ein^^s  as 
f*""  hijperior  io  ourselve-i  an  we  are  to  them  ulilr;h 
have  jfone  l^'fore  us.  liut  how  irieonr-e/ivahly  does 
thin Win^icJi-ration  strengthen  and  extend  the  suppo- 
sition hroardie<i  in  the  l>i-*H<Ttation  upon  JAil! 
H'm-  Htrikingly  dwn  it  preseriljo  t/i  us  a  wise  and 
whohrijonie  distrust  of  the  conel unions  towards 
*hich  human  inipatienee  is  so  prone  to  rus*h  in  the 

•  Th«  kind  of  controTer«y  mh'irh  m»y  t*«  rtkwA,  Mil  nercr  ' 
^nrtivrfl  on  thii  pf»tnt,  i»  dnwimMfl  in  the  neit  flisMrtalitf 
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darkness  of  human  ignorance !  How  loudly  does  it 
call  upon  us  to  follow  the  old  homely  maxim.  "  When 
you  are  in  the  dark^  and  feel  uncertain  which  way  to 
move,  stand  still !"  How  forcibly  does  it  teach  us 
that  much — nay,  that  all  which  now  we  see  as  in  a 
glass  darkly,  and  therefore  in  distorted  form  and  of 
discoloured  hue,  may,  when  viewed  in  the  broad  and 
clear  light  of  day,  fall  into  full  proportion  and 
shine  in  harmonious  tints  !* 

•  Dr.  Paley,  in  his  twenty-fifth  chapter,  assumes,  that  when- 
ever a  new  country  has  been  discovered,  with  new  plants  and 
animals,  these  are  always  found  in  company  with  plants  and 
animals  which  are  already  known,  and  possessing  the  same 
general  qualities.  From  hence  he  derives  an  argument  for  the 
unity  of  the  First  Cause.  Mr.  Diigald  Stewart  also  infers  from  the 
supposed  identity  of  animal  instincts  in  all  ages,  that  the  laws  of 
physical  nature  must  have  always  been  the  same,  otherwise  these 
animals  could  not  have  continued  to  exist. 

Now,  Jirgt,  as  to  Dr.  Paley's  assumption.  It  certainly  appears 
too  large,  even  as  regards  the  existing  species  and  the  present  state 
of  the  globe ;  for  there  seem  to  be  some  places  where  all  the  ani- 
mals are  peculiar.  But  be  that  as  it  may,  the  fact  assumed  is  by 
no  means  necessary  for  the  support  of  Dr.  Paley's  conclusion  in 
favour  of  the  Divine  Unity.  It  is  extremely  probable  that  in  some 
former  stages  of  our  globe  there  were  no  animals  whatever  of  the 
same  tribes  with  those  which  to  us  are  familiarly  known.  Yet  can 
there  be  any  doubt  that  in  their  structure  the  same  degree  of  skill 
is  observable  as  far  as  their  only  remains  enable  us  to  judge,  and 
can  we  hesitate  to  believe,  that  were  there  other  parts  before  us, 
we  should  in  those  find  as  much  artist-like  contrivance  as  in  the 
cxiating  races  of  animals  ?     Indeed  we  may  go  further  and  assert. 
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rrt  U  •f9ff  iprpuod  for  •up|K>«in((  (Imt  Um  •arm  kind,  m 
M  AfiiiAt  UMiumjrt  of  «kill,  in  to  ti«  (rncad  hi  thu  loit  m  in 
Hinip  trUiM,  iui4  that,  con«#(jii«ntly,  thu  cbftrAci«rUtie 
•t  will  iM|n*lly  *n»lx  >>«r««  1*1m  [iruuf  of  tliin  in  (hn  «(rue* 
Um  AlinMuUry  eanttl,  whi4;h  Cuviitr  wm  not  acquAintird 
M  prtrmmtty  Ihi  conniiUrtd. 
fl^/jr*  Witii  rw^t  to  t)Hi  otiMrviition  upon  iniUiuct,  um|ti«i- 

lomt  douM  mi^y  htt  fuluifd  by  tbii  rutw  diitrov«ri«i» )  for  wu 
v«l  »iiy  eonfld4ei»c«  in  i\u$  ttitiMMrtion  t)t*t  tluf  anlmiiU,  whoM 
•  »UiU4i  rirmiiin,  wiir«  iindow«d  with  iiittinctii  vimiUr  to 
iw  in  iMTiuifi  mofii  ttttpMinUy  thu  tntMtii  of  nnomalou* 
4MI,  Aurb  M  thu  pUroiUelyluf  And  iehthyoi*uru«.  Wc 
rirr  iK»«n  in  lifif  «ny  «iiiiu«l«  cotiibiuinK  thu  viirioui  formi 
Nim  iu  iuivii  imrt  in  thiriM  MxtrttoidinAry  crii*tur«i*  Wd 
lb«r«forii,  fiNfl  ifutirn  con(i4«nc«  in  tho  b«li«f  thnt  th«ir 

itt*tinct«  rf««mbl«d  ihoM  of  miy  eoiubinnlion  of  *niiiul«  fo 
ifi— Atill  imw  eim  wn  comt>r«h«nd  *  hurmoniouii  union  of 
ttci«  pro^urr  to  birdt  with  ti)o»«  (Hieuliiir  to  r«|rtil#if  wbieh 
|>t«rudAirtyU  utunn  formod  to  ob«y.  Dufk,  howovttfi  m  it 
urttmiMtof  (h«  »ubj«ct,  Wtt  littv«  nbuudiint  ipruundf  from  tlin 
ifnIiiiK  wiiiKlit  of  M»Mlot(yi  lor  ruNiitiifttiilivfiAMl  th«t  iili  tb«ir 
.,  whftt«v«r  Ihiry  may  hnwu  Uttii,  w«r«  nlttily  adjunttd  to 
lily  fjownrtf  «nd  ilint  both  tlufir  bodMrg  und  thtir  invtineti 
to*c«ly  ftdnptiid  to  th«  b&w»  of  mniUtr  And  of  motion* 

lid  \m  impro|Mrr  not  to  mtrittion  ttt  thu  cloim  of  thii  Analyw 
VW|  thut  Ihif  iKUinem  of  l'iilii*oMtolo((y  wmh  mtieb  ind«bt«d 
ubio  mimI  ltiarn«d  uittn  wlui  w«r«  cout4fniporMri««  of  Cuvinr* 
imifmtion  of  Ihn  l'uri«  Jlnniii,  M  rc^ttrdit  ita  mtiMml  elui- 
M  fthnoftt  wholly  IImb  work  of  liroitfpiftrt.  iiud  it  in  dllowird 
nodiil  ill  t}iMt  kind.    Cu¥litt*H  brotlurff  iilio,  «bly  «»iiit«4 
h«  botuntCitl  drpurtiiii'ut.  TIm  Uboumof  l/Aimirckiac^ 
Afii  to  uiiivitr»ttUy  known  un  to  ineird  no  furtlior  nifnlj 
ung  othvr  nmiirit  may  Ut  ntntud  Ihut  of  Milhrr  of  Bill 
ig  imMle  vi&luttblif  C4i(itiibu(ivn«  to  tlMiiMf  in^uiriof, 

K  3 
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LABOURS  OP  CUVIER'S  SUCCESSORS. 


Many  learned  men  were  attracted  by  the  dis- 
coveries of  Cuvier,  and  devoted  themselves  to  the 
cultivation  of  the  same  science.  During  the  last 
twelve  or  fifteen  years  of  his  life  they  had  joined 
in  similar  pursuits,  and  many  of  his  opinions  were 
modified^  and  many  of  his  researches  were  materially 
aided,  by  their  diligent  and  successful  inquiries. 
As  far  as  regards  the  general  connexion  between 
Organic  Remains  and  Geology,  indeed,  another 
inquirer  had  appeared  in  the  field  as  early  as  him- 
self, the  laborious,  modest,  and  sagacious  William 
Smith,  a  civil  engineer,  who,  unassisted  and  almost 
unknown,  had  been  prosecuting  his  researches  into 
the  mineral  state  of  England,  and  performed  cer- 
tainly the  most  extraordinary  work  that  any  single 
and  private  individual  ever  accomplished — the  de- 
lineation of  the  strata  of  the  whole  country,  in  a 
set  of  underground  maps,  which  he  published  in 
1815,  and  followed  afterwards  with  a  work  upon 
the  relation  between  these  strata  and  their  Organic 
Remains.  Although  the  results  of  his  investiga- 
tions were  published  thus  late,  he  had  many  years 


beibre  eammuiiiefttod  the  greater  part  of  them 
frwly  to  bw  privMtc  friettdii.  It  rnuM,  be  confe^Mxl 
tiuu  few  m^n  of  greater  fnc^rit,  or  more  uiiaisKumiiig, 
fatie  ever  aiioniecl  any  walk  of  ffcteturc,  arul  few 
iMfe  ever  made  a  more  important  utefi  in  axhiKting 
file  progrefiif  of  diNCO^'ery. 

71ie  other  able  \n*riion%  tiho  lia%c  cultivated  thi» 

branrb   of    science    are  certain! v    (ni<low<d    with 

|rraler  leaniinfr*  tiiat   in,  l>ook  b;arniti^,  than   Mr. 

8iD*th  ooiild  IxiaKt  of,  b<*bid<*  atlfridin::  cIomIv  to 

actual  oliHif rvai ion  in  the  field,     SiAiu*  (/flhcni,  too, 

najr  fairly  claim  a  hif;h  place  aw  ni<'n  of  profound 

aofl  ori((inal  % U*^ h.    Where  ho  many  cx<f<'l  and  prefer 

ciaimH  M>  undeniable  to  the  (;raliiii(l«'  of  th<'  worlds 

it  i»  in«idiriu«  a^  well    aH  difficiilt  to  make  a  ^*\t*V' 

tKJU,  the  ratlier  an,  happily,  mx*  htill  lia\if  the  ^reat 

\^t^(ii    iA    tli<«ir   conlinii<Ml    ahhihiaiuit;.      In    Italy, 

Urfioehi;  inHwitz<rrlah<l,Stiid<'r,  Huj^i,  (Jriiirpenti*  r, 

and  Agamiz,  tlie  able  and  /ifaloiiH  di)«^.'iple  to  Mhoni 

Cuvier   (rave  up  the  <Li'pai1  ment    of  foHMl    irhthy- 

olofVt  wlien  compohin^   hin  work  on  Comparative 

Anatomy;  in  (jemiauy,  V'oii   Ihich,    Kanp,  ('ount 

Muni»ter,  Cioldfuitff,  KoM'iiniullcr,  Wa^^n^'r,  ami  the 

juvtiy   celebraU'd    lluniMdt;   in   l(iis»^ia,  FiMrher; 

in  llelgium,  Bnrtin,  Onialin**,  iJuinont  ;   in  I'Vana*, 

JWnniont,   liron^^nart,    lilainviil(%   lVe\OHt,    Hone, 
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Brochant,  Geoffroy ;  and  in  England,  Conybeare, 
Mantell,  Lyell  as  incident  to  his  Geological  Treatise, 
Clift,  Delabeche>  Konig>  Hibbert,  Broderip,  Fitton, 
Bakewell,  Greenough,  Owen,  Murchison,  Professor 
Sedgewick,  and  Dr.  Buckland.  These,  it  is  believed, 
are  all,  except  Brocchi,  fortunately  still  alive,  and 
still  actively  engaged  in  the  same  interesting  in- 
quiries, though  some  of  them  rather  confine  their  study 
to  the  geological  portion  of  the  subject.  If  from 
the  brilliant  assemblage  the  names  of  Sedgewick 
and  Buckland  were  selected,  but,  as  regarding 
Fossil  Osteology,  the  latter  especially,  private  friend- 
ship could  hardly  be  charged  with  officiously  as- 
suming to  be  the  organ  of  the  general  voice — but, 
indeed,  to  record  such  merit  might  well  seem  pre- 
sumptuous, where  the  panegyric  is  far  less  likely  to 
reach  after  times  than  the  subject  of  its  praise. 

The  labours  of  Cuvier's  successors,  as  far  as 
regards  his  doctrines,  belong  to  one  or  other  of 
three  classes:  to  the  progress  which  they  have 
made  in  examining  the  fossil  remains  of  former 
worlds,  or  conditions  of  our  globe;*  to  the  argu- 
ments which  they  have  advanced  in  opposition  to 
or  in  support  of  his  theory  respecting  the  relation 

*  The  notes  to  the  Analysis  of  Cuvier  contain  statements  of 
the  numbers  of  new  species  discovered  since  his  time* 
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that  tulmiiiiii  between  thoM*  animal  romainfl  ami  the 
itrata  in  which  they  are  found ;  and  to  the  ar^ii- 
tumin  adduced  for  or  agaiiwt  \m  opinionH  re^port- 
iif^tlie  formation  and  age  of  \\umi  iitratu.  It  may 
be  proper  to  mention  the  things  done  under  eaeh 
ofthcfle  headM,  although  the  hiMt  in  of  conifmratively 
little  im[H>rtance  to  the  purpose  of  the  pn;<wnt 
work,an<l  the  iiecond  in  of  cxmHiderably  h;M  moment, 
IK  reganU  (*uvier*K  prop(*r  Huhj^et,  than  the  first. 

I.  Among  the  extinet  mammalia  of  the  pnrhy- 
demiatouH  order,  we  mentioned  one  which  Cuvier 
referred  to  tlu;  tapir  genufi,  but  pronounced  to  have 
been  of  a  gigantic  Hize.  He  only  hail  M*en  the  jaw 
tffeth  of  the  animal.  Hut  mnce  Win  time  other  im- 
|Kirtant  partu  liave  been  found,  cine  fly  at  KpjileA- 
ln'ini,  in  IleHse  lJarm<itadt;  and  a  giMum  Ditwl/w' 
r'wm  ^having  four  Hj>ecieH;  ban  been  establi.Hhed,  of 
which  thi«i  Hpccies  in  termed  ^^'n^attUvw,  bin  length 
liaviug  been  apparently  not  leMM  than  eight<*en  or 
nineteen  fi*et.  HIm  diHtinguiHliing  |H'Culiarity  i^  the 
baviiig  two  enormouH  tuHk<4,  wliicli  are  bent  down- 
wardM  like  tho4<*  of  the  walrus,  but  are  pla(M*d  at 
the  front  end  of  the  lower  jaw,  ho  \\%  to  IhmmI  below 
the  chin.  Ur.  Kuckiand  has  sliown  by  most 
wigent  argument**  that  lie  must  have  liv«d  chiefly 
in  tlie  water,  and  Uu^ie  tusks  in  all  probability  « 


••■• 
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used  in  supporting  him^  anchored  as  it  were,  to  the 
side  of  the  river  or  lake  while  his  huge  body 
floated,  as  well  as  employed  in  digging  for  the 
roots  ypon  which  his  teeth  show  that  he  fed. 

Notwithstanding    somewhat    scanty    materials, 
Cuvier  had  described  and,  as  it  were,  restored  the 
megatherium    with    extraordinary    skilL      But  a 
further  importation  of  bones  from  South  America 
has  enabled  observers  in  this  country  to  throw  some 
additional  light  upon  the  structure  and  habits  of  this 
singular  animal.  These  bones  were  found  in  the  bed 
of  the  river  Salados  in  Buenos  Ayres,  a  succession 
of  very  dry  seasons  having  brought  the  water  un- 
usually low.     Mr.  Clift,  of  the  Surgeon's  Museum, 
a  most  learned  and  skilful  comparative  anatomist, 
and  pupil  and  assistant  of  John  Hunter,  examined 
them  fully,  and  found  many  very  singular  particulars 
not  before  known  respecting  this  animal.     Among 
other  things  it  appears  to  have  a  bony  partition  be- 
tween its  nostrils  (septum  narium)  like  the  rhinoceros 
tichorhinus.     The  structure  of  its  teeth  indicates 
that  they  are  formed  by  perpetual  growth  like  the 
elephant's  tusks,  and  not  like  his  teeth  by  renewal 
The  enormous  size  of  the  tail  never  could  have 
been  conjectured  from  the  analogy  of  the  elephant 
and  other  pachydermatous  animals.     It  was  com- 
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posed  of  vertebrae,  of  which  the  one  at  the  root  had 
a  diameter  of  seven  inches^  and  the  diameter  irom 
the  extremities  of  the  processes  was  no  less  than 
twenty-one  inches.  If  then  allowance  be  ms^e  for 
the  muscle  and  integuments^  it  could  not  have  been 
less  than  two  feet  in  diameter  at  the  root^  and  six 
feet  in  girth.  There  can  be  little  doubt  that  it  was 
used  both  as  a  weapon  of  defence  and  to  support 
the  animal  in  conjunction  with  part  of  his  large 
feet,  while  the  others  were  employed  in  digging  or 
scraping  away  the  earth  in  quest  of  his  food. 
The  fore  feet  were  a  yard  long,  and  the  bones  of 
the  fore  legs  were  so  constructed  that  the  limb 
could  have  a  lateral  or  rotatory  horizontal  move- 
ment for  the  purpose  of  shovelling  away  the  soil. 
The  bone  of  the  heel  is  also  of  extraordinary  length. 
The  proportion  of  his  bones  to  those  of  the  elephant 
is  very  remarkable.  The  first  caudal  vertebra  in 
the  megatherium  being  twenty  or  twenty- one  inches, 
in  the  elephant  it  is  barely  seven.  The  circumference 
of  the  thigh  in  tlie  former  is  two  feet  two  inches,  in 
the  latter  one  foot.  The  expanse  of  the  os  illii  in  the 
former  no  less  than  five  feet  one  inch,  in  the  latter 
three  feet  eight  inches.  The  bony  cover  of  the  hide 
has  also  been  now  more  fully  examined.  It  was 
about  an  inch  in  thickness,  and  so  hard  as  to  resist 
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all  external  violence.  The  cumbrous  movements  of 
this  unwieldy  creature  exposing  it  to  many  kinds  of 
danger^  the  hide  served  to  defend  it  from  some  ene- 
mies, and  the  weight  and  strength  of  its  limbs  and  tail 
enabled  it  to  destroy  others ;  escape  from  any  by 
flight  being  quite  impossible.  Mr.  Chft  informs 
me  that  he  has  found  in  the  region  of  the  pelvis 
small  lumps  of  adipocire.  So  that  we  have  here 
an  additional  instance  of  the  softer  parts  of  an 
extinct  animal  still  preserved  in  a  state  to  which 
flesh  is  now  often  reduced  by  decomposition  in 
water. 

Mr.  Darwin  (grandson  of  the  celebrated  phy- 
sician and  poet)  has  found  in  South  America  many 
interesting  remains.  Among  these  are  the  bones 
of  an  edentate,  between  the  megatherium  and  arma- 
dillo (largest  kind) ;  those  of  a  huge  rodent  in 
size  equal  to  the  hippopotamus ;  and  those  of  an 
ungulate  quadruped  the  size  of  a  camel,  and 
forming  the  link  between  that  class  and  the  pachy- 
dermata. 

In  the  lias  stratum  of  Lyme  Regis  there  was 
found  in  1828,  by  Miss  Anning  (to  whose  skill  in 
drawing,  as  well  as  her  geological  knowledge^ 
Cuvler  often  acknowledges  his  obligations),  a  new 
species  of  pterodactylus  with  very  long  claws^  and 
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hence  Dr.  Buckland  gave  it  the  norno  of  IHer. 
Mncrcnyx.  It  appears  to  have  breii  the  si/zC  of  a 
raven. 

In  1824,  Mr.  Mantcll  diHcovored  in  tlio  'J*ilgate 
nndstonr^  in  Suhh^'X,  tlio  renriain»  of  an  lifrbivorous 
reptile  allied  to  the  iguana  genus,  but  vastly  larger ; 
and  he  gave  it  the  name  of  Iguavodon.^  Other  partH 
of  the  animal  have  since  been  found  in  difTerent 
placefl,  a*i  in  Purbeck,  and  in  the  Isle  of  Wight.  Mr. 
MiirchiKon  found  a  thigh  bone  three  fi-et  Heveii  inches 
long;  and  in  1 8211,  a  metacarpal  bone,  of  six  inches 
long  by  five  wide,  was  found, in  the  iron  sand,  and 
a  vertebra  as  large  as  an  ele];hant*K.  'J'he  (Opinion 
ofCnvier  referred  the  hirgf  thi(;li  bone  elcarly  to  Mr. 
MantclKs  reptile,  whose  dimennionH  rnust  therefore 
}iii\(*  Im-ph  enormous,  though  it  wiis  not  carnivorous. 

In  I8'}1,  a  large  proportion  of  the  sk^'leton  was 
found  in  the  ]{ag  quarrien,  near  Maidstone, 
Tliii  confirmed  all  the  previous  conj*'Ctures  an  to 
tl»c  bones  se]iarately  discovered,  'i'he  length  of 
tlii«i  nionntrous  rej'tijf*  is  calculated  to  have  been 
M^cnty  feet  from  the  snout  to  the  tip  of  the  tail, 
ihctail  to  have  been  fifty-two  fert  long,  and  the  Iw^ly 
fwirtecn  feet  round. |      Mr.  Mantell  also  diMtoverei 

*  Thii  (liiico?<*ry  hnd  btsfn  iiiikI«)  tH'fure  the   \ui  cdi' 
C«f irr'i  book«  aad  is  m<riitiun(*4l,  though  thortljr,!!!  the 
t  Gcol.  T»ni.  N.  H,  veil.  iir.]it.  2. 
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in  1832^  in  Tilgate  Forest,  the  remains  of  a  lixardL 
which  may  have  been  twenty-five  feet  long,  and  waA 
distinguished  by  a  set  of  long,  pointed,  flat  bones  on 
its  back,  some  rising  from  it  as  high  as  seventeoi 
inches  in  length.  He  called  it  HylceosauruSf  firoB 
being  found  in  the  Weald. 

There  were  found  in  1836,  a  great  coUectioa 
of  fossil  bones  in  the  department  of  Gers,  k' 
France,  in  a  tertiary  fresh- water  formation.  Aboro 
thirty  species,  all  mammalia,  were  traced,  andrf 
these  the  greater  part  were  new  extinct  animali^ 
but  all  were  of  e^itinct  kinds;  two  species 
the  dinotherium ;  five  of  the  mastodon ;  a  n0V 
animal  allied  to  the  rhinoceros,  and  another  to  tiw 
anthracotherium ;  a  new  edentate ;  and  a  new  genus 
between  the  dog  and  racoon ;  but  the  most  siDgijJtf 
and  new  of  the  whole  is  the  under  jaw  of  an  ape^ 
which  appears  to  have  been  thirty  inches  in  height 
But  we  must  be  very  cautious  in  giving  our  assest 
to  this,  until  we  are  better  informed  of  the  position 
where  the  jaw  was  found.  It  is  certainly  possible; 
but  after  the  history  of  the  Gaudaloupe  skeletmi, 
clearly  human^  as  clearly  found  among  fossil  re- 
mains, but  now  universally  admitted  to  have  been  a 
recent  deposit,  we  may  pause  before  concluding 
that  a  deposit  contrary  to  all  other  observations  of  j 


m 


rtwil  iNJiiif^  should  baiv  fttCKMirrvi  .;v  *xj  'inrjtcrt 
funaai'mn.' 

Ill  tlw  linn*  uf  CuvitT,  *.'.  l>^<  ■.i^r.n'*  '..•.«  -wiw- 
plriinn  of  lii-  srvV  wvti,  vi^r  *,v.vw..<!i^;<  v  tw  «« 
Kariiy  of  lli"  Uftil  vfl<viv^y  v?  •„■,,(  i_»js'.,  '..'.hv.  vt 
doiil.t   it'  ;iwy  »ll-;';iyrj   "v   j:   ..^   tn«^-   .'a.uM   :'}    V.r.l, 
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he  calls  M.  ElephantoideSf  because  his  teeth  aj^ 
proach  much  nearer  the  elephant's  than  those  of 
Cuvier's  species^  or  of  the  Latklens.  This  animil 
appears  to  have  been  smaller  than  the  elephant 
A  hippopotamus  smaller  than  the  living  animali  a 
rhinoceros,  a  tapir,  and  others,  have  also  been 
traced  among  these  remains,  as  have  a  new  lizard 
near  the  garial,  and  a  crocodile  near  the  coiumoB 
animal.* 

Tlie  second  of  these  discoveries  was  made  on  the 
north-east  border  of  Bengal,  at  Carivari,  near  the 
Brahma-putra  river.  The  remains  were  examined 
by  Mr.  Pentland.  He  traced  a  new  species  of 
anthracotherium,  which  he  calls  Silisestre,  a  new 
carnivorous  animal  of  the  weasel  tribe,  and  a 
pachydermatous  animal  much  smaller  than  any 
hitherto  known,  either  living  or  fossil.  | 

The  third  and  most  remarkable  of  these  col- 
lections is  one  discovered  in  the  M arkanda  valley, 
and  the  Sivalik  branch  of  the  Himalaya  moun- 
tains, in  the  year  1835.  The  curiosity  of  naturalists 
in  India  was  immediately  roused,  and  their  industry 
directed  towards  the  subject  with  that  ardour  which 
the  relaxation  of  a  sultry  climate  never  abates,  and 
that  combined  perseverance  and  ability  which  has* 

*  Geol.  Trans.  N.  S.  vol.  i'u  pt.  3. .  t  lb. 


CUVIEB's  SttCCKMOM.  213 

r  marked  tlie  grrat  men  of  our  eastern  wtllc* 
tU.  Dr.  Falconer  and  Captain  Cautley  have 
tBy  aigiialiccd  themiiclvcs  in  this  worthy  pursuit ; 
ubia  ai<l  Iian  likewi«e  been  rendered  by 
nit.  Durandi  and  llie  reBult  of  tlieir  labours 
upiea  oiic-Iialf  or  tbe  AHialic  Roiwarcbea  for 
16.  lliey  found  fint  uf  all  a  new  animal,  of  the 
flinating  class,  wlioite  uliuU  is  lliu  hizu  of  a  largo 
phant'it,  and  whicli  has  two  bornn  rining  in  a  pe- 
liar  mannur  from  bulwcen  the  orbits,  wilh  an 
ficc  of  greut  breadth  and  an  extraordinary  rising 
tbe  bones  of  tlw  nose,  lliey  gave  it  the  name  of 
fatkerium,  from  tlie  place  of  its  discovery,  drdi- 
Ml  to  tho  deity  .Siva.  'Hie  breadth  of  th«  skull 
iiichu«.  Dr.  Auckland  huN  no  douU 
tave  Imd  a  trunk,  Hoim-lhing  iiUei 

cU'phaiit'ji  aud  tapir's.  They 
of  a.  navf  species,  dis* 
iiive  tituth,  inid  u  okull 
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teresting  discovery  was  that  of  a  camel,  of  which 
the  skull  and  jaw  were  found.  It  is  to  be  observed 
that  no  decisive  proof  of  any  of  the  Camelidse^  either 
camel,  dromedary,  or  llama,  had  ever  been  hitherto 
found  among  fossil  bones,  although  Cuvier  had 
proved  certain  teeth  brought  from  Siberia  to  be 
undoubtedly  of  this  family,  if  they  were  really  fossil, 
which  he  doubted.  This  discovery  in  India  was 
therefore  extremely  interesting,  as  supplying  a  want- 
ing genus.  But  for  this  very  reason  it  became  the 
more  necessary  to  authenticate  the  position  of  this 
supposed  camel's  remains  the  more  clearly,  espe- 
cially as  there  were  abundance  of  existing  camels 
in  the  country,  which  there  could  not  be  in  Siberia. 
The  Indian  account  is  somewhat  deficient  in  this 
respect,  leaving  us  in  doubt  whether  the  bones,  ad- 
mitted to  bear  a  very  close  resemblance  to  the 
living  species,  were  found  in  a  stratum  or  loose  and 
detached.* 

Beside  all  these  additions  to  our  knowledge  of 
species  and  genera,  two  remarkable  observations  or 
sets  of  observations  have  been  first  made  by  osteolo- 

*  Asiatic  Researches,  vol.  xix.  pt.  1.  Still  more  recently,  it  is 
said,  a  bone  of  the  genus  Junia  has  been  found  in  the  Sivalie 
Hills,  and  another  in  digging  at  Calcutta ;  but  the  particalan  are 
unknown  to  me. 
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the  strata  were  forming  at  tlie  bottom  of  the  sea. 
No  bones  whatever  have  been  found  in  those  quarries. 
Similar  impressions,  though  of  smaller  animali^ 
have  been  observed  in  the  Forest  marble  beds  near 
Bath.      The    marks    found   in   Dumfriesshire^  of 
which  there  were  as   many  as  twenty-four  on  a 
single  slab,  formed  as  it  were  a  regular  track  with 
six  distinct  repetitions  of  each  foot,  the  fore  and 
hind  feet  having  left  different  impressions  and  the 
marks  of  the  claws  being  discernible.   They  appear 
to  have  been  made  by  some  animal  of  the  tcntoiie 
kind.*     But  similar  marks  have  since  been  found 
in  other  parts  of  the  world.  At  Hessberg,  in  Saxony» 
they  have  been  discovered  in  quarries  of  grey  and 
red  sandstone  alternating;    the  marks  are  roueh 
larger  than  those  in  Scotland,  and  more  distinct  In 
one  the  hind  foot  measures  twelve  inches  in  lengtbf 
and  the  fore  foot  is  always  much  smaller  than  the 
hind.  From  this  circumstance  and  from  the  distance 
between  the  two  being  only  fourteen  inches,  it  ii 
conjectured   that  the    animal    was    a   marsupialf 
like  the  kangaroo.     But  one  of  the  most  remark- 
able   circumstances  observed   is,   that   the  upper 
stratum  has  convex  marks  answering  to  the  coueaf 
vity  of  the  lower  slab  on  which  it  rests,  clearly  show- 

*  Edin.  R.  S.  Trans.  1828. 
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ing  that  the  former  was  depoHitod  Hoft  after  the  latter 
had  been  first  printed  by  the  foot  in  a  soft  Htatc  and 
then  fioniewhat  hardened.     Dr.  Kaup  has  termed 
the  large  unknown  animol  Chirotherium,-\  from  tho 
•apposed  resemblance  of  tho  four  toes  an<l  turned 
oat  thumb  to  a  hand.     In  tho  summer  of  1838 
amilar  footsteps  of  the  cliirotherium,  and  of  four 
or  five  small  lizanls  and  tortoises^  with  ])ctririod 
vegetables  of  a  reedy  kind>  have  be(*n  observed 
ID  the  new  red  stone  at  Storcton  Hill  quarry  in 
Cheshire^  near  liiverpool.     A  discovery  has  within 
the  last  two  years,   l)een   made   in  the  state  of 
Connecticut,  near  Northampton,  where  the  footsteps 
of  various  birds,  differing  exceedingly  in  size,  aro 
founfl  in  inclined  strata  of  HiMxlstone,  and  evidently 
made  before  it  assumed  its  pn^sent  position.     71io 
marks  aro  always  in  pairs,  and  the  tracks  cross 
each  other  like  those  of  <lucks  on  the  margin  of  a 
muddy  pond.     One  is  the  length  of  fifteen  or  six- 
tfen  inches,  and  a  feathery  spur  or  a])pen(lnge  ap- 
prars  to  have  lx»cn  attached  to  the  heel,  eiglit  or 
nine  inches  long,  for  the  puqmse  (if  enlarging  tho 
iMt*s  surface,  and,  like  a  snow-shot!,  prevent  tho 
tnimars  weight  from  sinking  it  too  deep.    The  dis" 

*  XiM,  hand. 
VOL.  II.  L 
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tance  between  the  steps  is  proportioned  to  their 
kngth,  but  in  every  case  the  pace  appears  to 
have  been  longer  than  that  of  the  existing  species 
of  birds  to  which  they  approach  nearest,  the 
ostrich.  Consequently,  the  animal  must  hare  been 
taUer  in  proportion  to  his  size.  How  much  larger 
he  was  than  the  ostrich  may  be  gathered  from  this, 
that  the  large  African  ostridi  has  only  a  foot  of  tea 
inches  long,  less  than  two-thirds  of  this  bird,  and 
yet  stands  nine  feet  high.  These  proportions 
would  give  a  height  of  fourteen  feet  to  the  extinct 
animal.  Some  of  the  footsteps  in  the  Storetoa  Hill 
quarry  are  eighteen  inches  in  length.  In  the  Forest 
marble  of  Bath  the  footmarks  of  small  marine 
animals  are  descried. 

In  examining  the  inside  of  the  ichthyosaurus^  the 
half-digested  bones  of  the  animals  on  which  these 
ravenous  creatures  preyed  are  found  in  large  noAssei. 
But  there  are  also  scattered  in  great  abundance 
among  their  fossil  remains  the  faeces  which  they 
voided;  and  these  being  in  a  petrified  state  have 
preserved  the  very  form  of  the  intestines  in  minute 
detail.  The  faecal  matter  is  generally  disposed  in 
folds,  wrapt  round  a  central  axis  spirally.  Some 
of  these  coprolites  exhibit  the  appearance  of  contor- 
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no  part  of  the  animal  frame  more  easily  destruc- 
tible than  the  mucous  membrane  and  its  vessels,  the 
preservation  of  its  casts   is   certainly   a  peculiar 
felicity  for  the  physiologist.     Similar  observations 
have,  since  Dr.  Buckland*s  discovery^  been  made 
upon  the  coprolites  of  fossil  fishes,  in  the  Lyme 
Regis  lias,  in  Sussex^  in  Staffordshire^  and  near 
Edinburgh.     In  some  places  they  take  so  fine  a 
polish  that  lapidaries  have  used  them  for  cutting 
into  ornamental  wares.     One  of  the  most  singular 
coproUtes  was  found  by  Lord  Greenock   (an  as- 
siduous and  successful  cultivator  of  natural  science) 
between  the  laminae  of  a  block  of  coal  near  Edin- 
burgh, and  surrounded  with  the  scales  of  a  fish 
recognised  by   Professor  Agassiz  as   of   contem- 
porary origin.  To  these  observations  a  very  curious 
addition  has  been  made  by  the   Professor,   who 
found  that  the  worm-like  bodies  described  by  Count 
Munster,  in  the  hthographic  slate  of  Solenhofen, 
are  in  fact  the  petrified  intestines  of  fishes,  and  he 
has  also  found  the  same  tortuous  bodies  occupying 
their  ordinary  position  between  the  ribs  in  some 
fossil  remains.     He  has  named  them  Coleolites;* 
and  certainly  the  representation  given  of  them  in 

*  KivX«y,  the  great  inteitine. 
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tho  drftwing  risMamblo*  an  fu'tiiiil  int4sftiino  m  accu* 
intoly  BN  if  it  were  the  portrait  of  it. 

Wh«n  Ciivi(*r  iibiiiHloiUHl  to  ProfeHHor  Agnnnh 
the*  whole  (li^iirttncMit  of  FohaII  luhlhyology  )iu 
•hownl  a«  happy  uml  ymi  a  diMceninioiit  of  living 
character  an  ho  «vor  difipluyed  in  tho  arrangomotit 
and  appropriation  of  anitnul  remaiiM.  'Jliat  ad* 
mirablo  perHon  iian  amply  oanied  tho  honour 
thuM  iMiitowod  on  him  by  dovotin^  \m  lifu  to  thiN 
rxitmirt!,  olntcnro,  and  diHindt  Mtudy.  Tho  ro** 
sultN  of  hift  laborioufl  roMoarchoM  have*  boon  from 
limn  to  timt*  publiHluNl  in  a  groat  work  upon  foHMil 
Mien;  but  an  tho  iirrangiMnont  followed  an  yot  in 
th(«  ]»nbli(-atioii  n(*e(*MHtirily  loavoN  tho  H0V4*rnl  partM 
inromploto,  a  dintinct  and  NatiNfaotory  view  of  tho 
whole  cannot  bo  fonnod  until  tho  work  in  (iniidiiHl. 
Home  of  tho  diHcovorioH,  however,  whioh  hour  upon 
the  Mubjeet  of  our  proHont  inquirioM  nniy  bo  shortly 
(leiicrilK*d.  'I*ho  impurtance  of  tho  Htudy  to  foMiiil 
geology  IN  maiiifeMt  from  tluH,  that  tho  chtHH  of  fluhofi 
being  continued  through  tho  HucceHHivo  poricMlM  of  tho 
different  fonnatiouH,  while  thoHo  of  liind  animaU  aro 
eonftned  oaeh  within  oortiiin  limit h,  iukI  tho  flNhoN 
b<*ing  aim)  inhabitantN  of  thoM4*  watorH  in  which  all 
the  acpieouH  de|MmitN  on<!o  were  4*ontiun4*d,  wo  aro 
eitttbWd    by    FonnH    Ichthyology,   throu|;h    variouH 
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periods  of  the  earth  s  fonnationy  to  pursue  the 
comparison  of  a  vertebrated  animars  conditioii  in 
each  !«tage. 

The  Professor's  classification  is  founded  upon  the 
form  of  the  scales,  which  are  adapted  to  the  stnic- 
ture  of  each  tribe,  and  afford  a  perfectly  scientific 
prinaple  of  arrangement.  He  thus  divides  the 
whole  into  four  orders : — the  Flaccideans^  whose 
scales  are  irregular  enamel  plates  more  frequently 
broad,  but  varying  in  dimensions  down  to  a  point 
or  prickle;  the  Ganoidean9\  with  angular  scales 
of  bone  or  horn  thickly  enamelled  and  shining; 
the  Cienoidean$\  with  comb-like  scales  having  a 
jagged  edge  and  no  enamel ;  §  the  CycUddeans,^ 
whose  scales  are  smooth  at  the  edge  and  composed 
of  horn  and  bone,  but  unenamelied,^ 

There  were  in  all  8000  species  of  fish  enumerated 
by  Cuvier«  of  which  more  than  three-fourths,  or 
6000,  belong  to  the  two  last  classes,  and  no  one  of 
either  of  these  classes  has  ever  been  found  in  any 
formation  anterior  to  the  chalk ;  so  that  the  whole 
of  these  6000  kinds  of  fish  have,  to  all  appearance, 
been  called  into  existrace  at  a  period  long  after  the 

*  HAtfl,  a  tabl«t  or  plate.  f  r«f«f,  brilliancy. 

X  Kti/#,  a  comb.  }  Perch  belong  to  this  elaaf. 

II  K«wXtf#,  a  cirde.       ^  Salmooaad  berriogaicsfUiiadMi. 
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primitiTey  the  traiuution,  and  all  but  the  latest 
■econdary  formations.  On  tlie  other  hand,  and  in 
the  earlier  timcw  of  the  secondary  and  trannition 
Btrata»  there  existed  species  of  the  other  two  orders, 
which  have  comparatively  iew  representatives  sur- 
ming  to  our  days.  J'he  Professor  has  thorouf^hly 
examined  80()  fossil  sjK'cies  of  these  two  orders, 
and  finds  not  a  single  exception  to  the  rule  thus 
laid  down  for  ttio  relation  between  different  species 
of  animals  and  successive  formations  of  strata. ''^ 
His  deductions  received  further  corroboration  by 
the  examination  of  250  HjK'xsies,  all  of  new  and  ex- 
tinct fishes,  submitted  to  him  in  iiaiirlutul,  and 
which  were,  for  the  most  part.,  found  in  this  country. 
The  analogy  in  this  respect  between  tiio  rcHult^  of 
FosHil  Ichthyology  and  tliose  of  (/Uvier^H  Hoscarches 
is  striking  throughout  In  the  lowm-  dcspoMits  of 
tlie  lias  there  are  found  the  remaiiiH  of  tlie  great 
sauroid  fislies  analogous  to  tlie  foHHil  lizards  of  the 
lanio  strata.  More  than  two-thirds  of  the  fishes 
(bund  in  the  chalk  stratii  are  of  genera  now  extinct. 
Ttiese  extinct  geuera»  liowever,  of  tiie  newest 
leoondury  strata  approach  more  nearly  to  the  fishes 
of  the  tertiary  strata  tlrnn  the  fishoH  found  in  the 
oolite  or  Jurassick  formation;  insomuch  that  the 

*  Bapport  sur  1m  Fuimvim  FomII*!,  1835,  \u  3S. 
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professor  is  disposed  to  range  the  chalk  and 
greensand  nearer  to  the  tertiary  than  secondary 
formations  on  this  account.  Not  a  single  gemis 
even  of  those  whose  species  are  found  in  the  Juras- 
sick  deposits  is  now  known  among  existing  fishes; 
nor  is  tliere  a  single  species^  and  but  few  genera 
common  to  the  chalky  and  the  older  tertiary 
strata.  A  third  of  those  found  in  the  strata  of  the 
later  tertiary  formation^  as  the  London  clay  and 
the  coarse  limestone  of  the  Paris  Basin^  are  of 
extinct  genera.  The  Norfolk  crag  and  upper 
sub-appennine  formation  have^  for  the  most  part, 
genera  found  in  the  tropical  seas;  the  tertiary 
formation  generally  approaches  nearest  to  our  living 
species^  but  the  Professor  affirms  that,  except  one 
small  fish,  found  in  modern  concretions  on  the 
coast  of  Greenland,  not  a  single  species  exactly  the 
same  with  those  of  our  seas  is  to  be  found  in  a 
petrified  state.  This  continued  analogy  is  very  im" 
portant  in  a  geological  view. 

In  a  zoological  view  it  would  be  endless  to 
attempt  any  analysis  of  the  Professor's  researches. 
Among  the  extinct  species  no  less  than  150  be- 
longed to  the  family  of  sharks,  whose  services,  in 
keeping  down  the  increase  naturally  so  rapid  of 
fishes,  have  been  required  in  all  ages  of  the  ocean. 
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Diflmnt  kind*  of  tlutrk,  however,  appear  to  have 
bekiDged  to  diflTerent  periods.  Of  the  three  sub- 
familieii  into  which  the  Professor  divides  ttie  great 
daat  of  sharks,  the  first  is  found  in  the  earliest 
period  of  organic  remains,  the  transition  strata,  and 
contaoues  till  the  beginning  of  the  tertiary,  but 
then  is  now  onlj  one  species  of  it  existing,  and  tliat 
is  found  in  New  Holland.  The  second  sub-family 
begins  probably  with  the  coal  formation,  and  ceases 
when  the  chalk  commences,  llie  third  begins  with 
the  ctialk,  and  continues  down  through  the  tertiary 
Lrmation  to  the  present  time,  llie  form  as  well  as 
the  sixe  of  the  extinct  sfiecies  difier  in  most  things 
uaierially  from  the  living,  and  in  no  resi^ect  do 
they  vary  more  tlian  in  their  covcfring  or  scales. 

As  the  coprolites  enable  us  to  ascertain  the 
interior  Htructure  of  the  extinct  reirtiles,  so  do  they 
throw  light  u|)on  tliat  of  fishes  also,  thrise  eHi>ecially 
of  the  sauroid  or  lixard-like  kind.  We  have  even 
instances  of  their  intestines  Wing  partially  presc^rved 
by  some  fortunate  accident.  An  example  near 
Solenhofen  has  been  ment!on(*d  already.  A  sfHrci- 
mcn  was  found  in  Sussex,  where  tlie  stomach, 
with  its  diflTerent  niembraiu*s,  was  retained.  In  a 
number  of  fishes  found  in  the  Isle  of  Slieppy  the 
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bony  capsule  of  the  eye  was  found  entire ;  and  it 
some  other  instances  the  j^tes  forming  the  gilk  er 
branchiae  are  perceivable. 

It  thus  appears  that  great  and  important  addi* 
tions  have  been  made  to  this  interesting  scioMe 
since  Cuvier^   who   may  properly  be  termed  iti 
founder,  ceased  from  his  labours.     But  it  would 
not  be  proper  to  pass  from  a  consideration  of  the 
services  rendered  by  his  successors,  without  makiog 
mention  of  one  illustrious  inquirer,  a  man  of  truly 
original  genius,  who  preceded  him  by  a  few  yeais. 
Jolm  Hunter,  whose  unrivalled  sagacity  seemed 
destined  to  cast  a  strong  light  upon  whatever  walk 
of  science  he  trode»  had  turned  his  attention,  as 
early  as  1793,  to  fossil  bones,  in  consequence  of  a 
collection  sent  to  this  country  by  the  Margrave 
of  Anspach.     He  described  and  commented  upon 
them   in   detail  with   his  wonted   acuteness ;    he 
adopted  the  same  safe  and  natural  course  which 
Cuvier  afterwards  pursued  with  such  signal  success, 
of  examining  tlie^nown  bones  of  ^sting  species 
as  well  as  those  submitted  to  his  consideration; 
and  it  appears,  from  some  of  bis  concluding  remarks, 
that  he   perceived   distinctly  enough  the   specific 
difference  of  the  fossil  animals,  at  least  of  some 
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anMg  thani.  llitiff,  having  oomparMl  the  foMil 
dbttU  at  m  mtppoied  boar  with  ttiai  of  a  wbita  baar 
irhich  he  liad  procured  from  tha  owner  of  ilia 
MMsal  while  aUrr^  lie  give*  im  acruraie  drawing  of 
kelb,  and  marks  their  diverHiiiet^  indicating  hie 
epinion  that  the  fbeiil  animal  diflferi'd  from  aU 
haeim  earmvoroue  animale.*  Who  doan  not  per- 
eve  that  he  wae  on  the  right  track,  and  would 
roaped  a  plentiful  harvewt  of  diftcovory,  luid  he 
devoted  htmeelf  to  the  general  itiv«^iitigtttion  of  tlie 

II.  Hie  MiMwulationii  of  succeeding  Koologists  or 
eemparative  phyeiologiete  liave  not  only  made  no 
hmreeeton  upon  the  anatomical  reeults  of  ( luvicr's 
faiquiriee,  but  they  never  appear  to  have  bi$en  pointed 
towaida  that  object.  Considering  the  numb^n^less 
inetanoee  in  which  lie  had  to  draw  his  conclusions 
or  to  Ibrm  his  conjectures  from  a  very  imiN5rrect 
eoUeetion  of  facts,  it  is  wonderful  liow  c^mstantly 
Che  ftiller  materials  of  his  followers  have  con* 
irmed   his  inferences.      But  geol«)gical  inquirers 

•  PMI^TrssM.  l7Hp.411. 

f  Ia  lb«  llueiMfiiui  Mtmmtm  ilmf  i«  s  Ur|^  culkction  of  Um^i 
uffguiU:  rir»MiiM«i ivUrcUil  with  cotiNnmiiitttu  kkill,  uiiit  i»huwiiif(  tliv 
•tlMilMm  iMiiowisd  by  tliiv  i^rtftt  man  qu  tliu  ttwiftt  dulicaiti  (laKi 
sfuiyialsstMm  wkieli  tbty  tatmpUfy. 
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have  occasionally  impugned  lus  doctrines  respeetmf 
the  relation  of  the  classes  of  animals  to  the  succfl^ 
sive  formations  of  the  strata  that  incrust  our  globli 
It  has  been  denied  by  some  that  any  such  reh&tisi 
at  all  can  be  truly  said  to  exist.  There  seenf 
however,  no  possibility  of  maintaining  this  posilMi^ 
whether  we  agree  wholly  with  Cuvier  or  not  in  till 
detail  of  his  statements.  For  the  fact  is  undemsblt 
that  some  strata*  let  them  have  been  arranged  ij| 
whatever  succession^  formed  and  placed  by  whatartfr 
causes^  contain  the  remains  of  certain  classes  M 
animals  which  are  not  to  be  found  in  other  stratai 
It  is  another  fact  equally  indisputable,  that  nt 
animals  now  exist  of  the  same  kind  with  the  gresteif 
part  of  those  found  in  any  of  the  strata.  lUi 
appears  to  connect  the  different  races  of  animill 
with  the  different  strata.  But  it  is  said  that  this  ii 
not  a  chronological  connexion,  and  affords  no  en* 
dence  of  strata  having  been  formed  rather  in  oneifi 
than  another.  If  it  were  so,  there  still  would  remaiiiA 
foundation  for  the  position  which  merely  affirms  a  le* 
lation  between  organic  remains  and  strata.  But  itit 
true  ?  The  principal  reason  assigned  is,  that  although 
no  animals  of  a  certain  kind  are  found  in  certaii 
strata,  supposing  those  strata  to  have  been  formed  at 
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ft  ghren  period,  Um  antmak  of  the  kind  in  question 
■ay  bare  periibed  to  an  not  to  have  licen  waslied 
mlo  the  tea  or  other  water  in  whicli  the  earthy 
■alter  waa  mixed,  and  from  which  it  wuh  (le]K)iiited. 
Now,  not  to  mention  that  thin  bare  poMibility 
beeomet  improbable  in  the  degree  in  which  the  factft 
aie  multiplied  and  the  olMtcrvationfl  of  animak  and 
itrtfa  extended,  the  reHcarchcH  rcKpccting  foHHil 
fiibet  leem  to  negative  the  objection  entirely.  For 
if  the  different  Htrata  were  made  by  the  Hea»  and 
mitain  totally  diflerent  remains  of  marine  animulfi, 
it  if  clear  ttiat  each  umtt  have  been  formc»d  reiip«*ct- 
ively  in  a  sea  inhabited  by  diflereut  animal  tribe». 
Hie  strict  parallelism,  too,  which  is  obsi^rved 
between  ttui  connexion  of  diflerent  ruc43H  of  animals 
md  tliat  of  fishes  with  diflV'rent  strata,  lends  the 
flrongeat  confirmation  to  (.*uvier*H  doctrines. 

Ingenious  and  laborious  attempts  liuve  been  made 
to  tlKiWy  that  though  many  races  of  animals  are  now 
abolly  extinct,  the  evidence  fails  to  prove  tlie  non* 
existence  of  any  race  (cxf:ept  our  own)  at  a  pre- 
ceding  iierio<l;  in  other  uords,  to  disprove  tliu  pro- 
poaitionthat  many  of  th<*  prcM4*iit  races  came  for  the 
firat  time  into  existcnct;  ut  a  period  subsecpient  to 
tbe  time  when  we  know  that  others  existed,  always 
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accepting  the  human  raoe^  idiich  it  is  admitted  we 
have  su£5cient  reason  to  believe  did  not  exist  in  the 
earlier  stages  of  the  globe*8  formation.     It  caratot, 
however^  be  denied,  first,  that  the  extinction  of  many 
races  of  animals^  which  is  admitted,  affords  a  ground 
€i  itsdf  for  thinking  it  probable  that  new  ones  should 
be  found  to  supply  their  jdaces ;  secondly,  that,  there 
seems  nearly  as  little  reason  to  regard  the  utter 
extinction  of  some  classes  as  more  improbable  thaa 
the  formation  of  others ;  thirdly,  that  the  admitted 
creation  of  man  destroys  the  whole  support  whioh 
the  objection  might  derive  from  a  supposed  uni- 
formity  of    natural   causes,   always   acting,  and 
removes  the  difficulty  said  to  exist,  of  assuming 
different  sets  of  principles  to  be  in  action  at  different 
periods  of  the  world ;  fourthly,  that  the  great 
number  of  facts  which  have  been  observed,  all  points 
ing  uniformly  in  one  direction,  cannot  be  got  over  by 
suggesting  mere  possibilities  for  explanations.    The 
improbability  is  extreme  of  one  set  of  animals  having 
existed  at  the  same  age  with  another  set,  when  we 
find  certain  strata  having  the  traces  of  the  former 
without  any  of  the  latter,  and  vice  verm.  This  impro- 
bability increases  in  proportion  to  the  number  of  the 
species.    If  these  exceed  hundreds,  and  even  amount 
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!•  mimy  iiiWMiiul«,  ilia  im|>robi»bility  boeamai  no 
fffiefU  aif  lo  r«ttti!h  wtiiit»  i»  cumnmn  Unffiuii;!*,  wn 
urm  a  tmiral  iuiiMNwibiUlty.  Now,  tlu»rtf  un^  A.CNM) 
kind*  of  fitiliiw,  of  wbioh  fuii  otia  Ninfcitniii  \h  to  tio 
ImiimI  in  Mny  of  tint  fommlioun  proecwliiiK  tbi^  c^tmlk. 
Mill  tui^pOMo  w«  Uy  out  of  vimw  nil  i(iioMiioii  of  otii« 
iBrmAlum  boitii;  obJor  (Imn  aiiollutr,  tbari^  itro  isortHin 
HmU  in  whiisb  nono  of  Ihoito  H|M»ei4iM  nm  fouiul. 
Th«ni  is  Wi  dluiHrniiitm  lo  ditny  tbui  tti4?M)  Hlmla 
ircni  tamutd  in  iba  wnlAr ;  UiaHWrn,  at  wbutitvar 
limn  thay  w«tiw  MUNiyoncbMi  in  lint  watifr,  Uiut  wuior 
•I  ttiat  limo  oontaiiind  tioiMi  of  i\um^  ii,iM}  kituU 
nhich  now  |mio|i1«  it*  I'bou  from  wlioiuu^  iliil  ibry 
•11  eomn  if  ilnty  ox'mtisd  ui  thttt.  period,  ttiiil  y^fi 
wtfm  not  in  tti«  wulor  wlu:»n  Uii«  Ktratii  wiir<t  fornit^d  / 
But  il  w  ifi|imlly  MilniitUul  tlmi  ih^^  waU^r  iu  Uiomo 
dnyii  coniainoii  many  ottmr  kiiwl«  of  iitiU  now 
it%imtX,  anil  found  only  in  cisrlaiu  uiruiu,  unA  il 
iMmtnitiMl  Mornn  f«*w  wbi<ib  wr  linil  in  i$ilmr  niruift, 
and  Movn^  wbi<;b  am  Mtill  io  im  fouiul  in  Um  m^a* 
fjfin  atijrtbifiK  \m  luom  KratuitoiiM  tlmn  Lo  »ii|)|)omo 
tluil  all  liio  fiklu^tf  of  li  ctifUim  clutM  w<?ro  d<'MtniyMl 
aa  tba  lommtiiin  of  iUtm^  bfrulM,  wbilis  ull  ihoiui  of 
iinat  Imt  rlttaw  w^rn  fif(i«rwurd«  broti^bt.  froni  u  dif- 
fivr«nl  iMri  of  tin*  ^^u.  io  utuu'wil  tbe  lubl  utiun,  uiul  a 
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certain  small  number  survived  to  mix  with  other 
strata,  or  even  to  last  till  now  ? 

The  only  sound  objection  that  can  be  taken  to  the 
theory,  is  that  to  which  the  absolute  assertion  of  the 
fact  is  liable.  We  can  easily  ascertain  that  certaia 
species  are  no  longer  to  be  found  living  on  the  globe 
But  we  may  not  be  so  well  able  to  affirm  with  certainty 
that  certain  fossil  genera  of  one  formation  may  not 
hereafter  be  found  in  another^  or,  which  is  the  same 
fact  in  another  form^  that  certain  living  species  may 
not  be  traced  among  fossil  remains.  Thus  the  small 
family  of  the  camel  was  wanting  in  all  our  fossil  col- 
lections till  the  late  discoveries  in  the  Himalaya 
mountains  have  made  it  probable  that  a  species  of 
this  class  may  be  found  to  have  existed  there  with 
the  mastodon  and  other  extinct  mammalia.  This 
is  possible^  perhaps  likely.  So  an  ape's  jaw  is  sup- 
posed for  the  first  time  to  have  been  found  in  a  fossil 
bed  in  France  with  other  races,  and  no  quadrumane 
had  ever  been  before  traced  in  any  part  of  the  fossil 
world.  The  proof  of  this  discovery  is,  however,  as 
yet,  involved  in  some  doubt,  and  even  were  it  more 
precise,  we  should  only  have  two  instances  in  which 
the  negative  evidence  had  failed,  leaving  a  multitude 
of  others,  hundreds  of  land  and  thousands  of  sea 
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•rinalt,  of  which  no  representatives  are  to  be  traced 
among  the  fossil  remains  of  any  country.    It  must 
thrmys  be  recollected  that  the  whole  argument  rests 
upon  probability,  more  or  less  high.   Kvcn  as  regards 
the  admitted  non-exiMtence  of  the  human  species, 
the  mere  evidence  of  ostoological  researches  is  not 
dsmonstrative ;  for  although  it  is  quite  certain  that 
tmoog  the  thousands  of  animal  remainH  which  have 
been  discovcre<l  and  carefully  examined,  not  a  frag- 
ment of  a  human  bone  is  to  be  found,  it  is  barely 
possible  that  in  some  deposits  as  yet  unexplored  the 
ikeleton  of  a  man  may  be  discovered.    Wo  have  at 
present  only  to  make  our  inference  square  with  the 
Acts;   to  affirm  that,   as  fur  as  our  knowledge 
extends,  there  is  no  such  relic  of  our  race  in  the 
earlier  strata  of  the  globe ;  und  to  conclude  that, 
considering  the  extent  of  past  itiquirioH,  the  regu- 
larity of  the  connexion  between  other  racoH  of  dif- 
ferent kinds  and  various  strata,  und  the  portions  of 
the   earth  over  which  our   researcheM   have  been 
carried,  the  very  strong  presumption  is  against  any 
such  contradictory  discovery  being  hereafter  mude. 
III.  Whatever  opinion  men  may  form  upon  the 
question   raisi*d   by  some  untiigoniHts  of  Cuvier*s 
geological  doctrines,  all  luuHt  ullow  tiiut  consider- 
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able  light  has  been  thrown  upon  the  Aibjeet  of 
diBCussion  by  their  labours.     Indeed  a  considerabb 
addition  to  our  knowledge  has  been  made  bj  sone 
of  these  able  and  learned  men,  even  admitting  that 
they  liave  failed  to  impugn  the  theory,  and  taking 
the  facts  which  they  have  ascertained  as  forming  an 
addition,  by  no  means  inconsistent  with  it.    Tbui 
the  valuable  work  of  Mr.  Lyell  has,  in  two  essential 
respects,   greatly  advanced  geological  knowledge. 
He  has  examined,  with  a  much  more  minute  atten- 
tion than  had  ever  before  been  given  to  the  subject, 
the  action  of  the  physical  agents  actually  at  work 
before  our  eyes,  and  has  shown  how  extensively  these 
may  operate  upon  the  structure  of  the  earth's  surface. 
It  may  be  admitted,  perhaps,  that  Cuvier  liad  some- 
what underrated  their  power,  although  the  reader 
may  still  retain  liis  opinion,  that  the  force  ascribed 
from  the  facts  to  those  ordinary  physical  powers  is 
inadequate  to  produce  tlie  effects  which  the  pheno- 
mena present ;  that  all  the  violent  and  sudden  actions 
known  on  the  globe  are  topical,  being  confined  within 
comparatively  narrow  limits,and  that  the  supposition 
of  sudden  and  even  instantaneous  change  on  a  vast 
scale  in  former  periods  lias  been  too  lightly  taken 
up.     Indeed,  unless  we  suppose  such  changes  as 
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afght  iiapp^ii  from  Um  disruption  of  a  eontinent 
Miled  by  a  iimall  neck  of  land,  like  that  which 
«qr  be  found  once  to  have  joined  Gibraltar  and 
Ciiita,  it  Roenui  liard  to  imagine  how  a  tract  of 
Mitryt  extending  from  Holland  to  beyond  the 
OMpian,  and  from  Scandinavia  to  the  Car|)athian 
■oimtainfif  could  be  drained  of  the  mio,,  which  cer- 
liiily  once  coverf*d  it,  or,  having  Htill  more  an- 
dtntly  been  dry,  could  have  been  laid  under  water.* 
But  a  much  more  important  iMsrvice  tiaH  beenren- 
dered  by  Mr.  Lyeir^  compurifion  between  the  dif- 
farent  formationn  of  tlu$  tertiary  claHH ;  and  although 
it  if  with   unavoidable   dintruHt  of  himnelf    that 
any  one  little  verwed  in  geological  Mcience  hIiouUI 
imiture  to  wpeak,  it  hIiouUI  seem  tliut  the  diviHion 
irUich   he  haH   thun  Mucceeded    in  tracing  of  tlie 
teniary  perio<l,  may  utand  well  with  the  previous 
•yiUm  of  Cuvier,  and  be  received  as  a  fact  in- 
dependent of  the  controverted  matter  witli  wiiich 
k  faae  lieen  connected*     With  the  imi>ortant  aid  of 
several  eminent  cotichologitfts,  but  cKpcciaily  of  Mr. 

*  la  Mr*  Wbswtiri  imkrawi  work  on  th«  Iluitory  of  tlif  ludue- 
tif«  fki«ncr»,  tlier*  nrr  iotna  oriiti'  mid  im^iortiiiit  rtiumrk*  on  ihd 
two  thiMrii!!,  thfti  of  IJuifurm  Action,  ftnd  thai  of  ('iitattroptM!*. 
B.  Sf  ill  t.  H. 


236  FOSSIL   OSTEOLOGY. 

Deshayes,  he  examined  the  numbers  of  testaoeood 
anunals  traced  in  different  formations ;  and  finding 
that  in  some  strata  the  proportion  of  shells  of  living 
species  was  very  different  from  others^  he  distributed 
the  strata  of  this  tertiary  period  into  three  classes 
accordingly;  the  earliest  being  those  which  con- 
tained the  fewest  of  our  living  species.  The  latest 
of  the  three  periods  into  which  he  thus  subdivides 
the  tertiary  era  he  caih pliocene,"*  or  more  recent; 
the  next  before  miocene,^  or  less  recent;  the  earliest 
eocene,'l  or  dawning.  Seventeen  species  of  shelb 
are  common  to  the  three  divisions^  of  which  thirteen 
still  exist  and  four  are  extinct.  In  the  pliocene 
the  proportion  of  existing  shells  always  exceeds 
one-third^  and  usually  approaches  one-half  of  the 
whole  found.  In  the  miocene^  the  existing  shelb 
fall  considerably  short  of  one-half,  that  is,  the  extinct 
species  preponderate;  indeed,  of  1021  examined, 
less  than  a  fifth  were  existing.  There  are  196 
common  to  this  and  the  last  period,  of  whidi 
82  are  extinct.  In  the  eocene  period,  the  pro- 
portion of  existing  shells  is  much  smaller,  not  ex- 
ceeding three  and  a  half  per  cent. ;  and  there  aw 

*  nAi/*iy,inore,aud  xecttof,  recent, 
f  Mi/*iy,  less.  X  lUtf,  dawn. 
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Mly  42  common  to  (hin  and  tlu*  niio<M$ms  In  thfl 
Pirii  BaMii  1 122  i»|MM?i4M  have  bouM  found,  of  wliirh 
inly  3S  aris  wm  known  an  living;. 

TIjis  theory  of  Cuvwr  and  Hrori({nurt  n'^podin^ 
the  MucceiPfivf!  formaiionH  in  ih«  ParjM  ItaHin,  appoarH 
lO  miuire  Homi;  modifiratioti  in  conHeipji^nco  of 
nor«  recffnf  isxaminiilion.  'JlH*y  (t<mmU'nu\  fhai 
upon  tljf9  chalk  tlicn;  waw  laid,  iirHi,  a  frcnh-walor 
briuation  of  day,  lignite*,  und  Hiiiu\H\oiui ;  iUttn  a 
Burin«  formation  of  r^>arHo  JinicHlon^*;  and  lln^n 
' up>tt tliai  a  Mscond  froHh-watiT  fonnuiion  of  hilicioiiN 
hmituUiUii,  i;y|/Hiini,  and  marl.  'I'ln^  r(*Hc*iirch<*N  of 
Mr.  ('oiiMtanl  Tn^voHt  ntwm  U>  hhoiv  that  inHt<*ad  of 
tliene  thrill  HUCC4)HHiv«;  forniafionH,  fhcro  m*rti  hiid  on 
tlM  rhalk  a  rlay  formation  of  frcnh* water  ori^^in, 
«ml  then  ufK/n  thai,  (;ont<$m|Hiran(fon)^ly,  ihrci*  oth<*rK, 
it  (liflffrent  partn  of  the  t^anio  iianiii,  naini'ly,  a 
frvUi-waier  formation  of  Hilicioiin  lim<*Hfon(*,  iinoflM*r 
<^gy|mum,  and  a  marine;  formation  of  roar^e  limif- 
^uiue.  In  the  rent  of  the  Herieit  the  two  iheorii'H 
Wiiwide. 

It  niuht,  however,  Ix?  ol>H4;rved  that  the  more  im- 
portaut  doi'trin<$N  of  Fo?»Mil  OHt(*olof;y,  <'v<*n  an  n*f{ardH 
tlx'ir  eonm-f'tion  with  the  liiNfory  and  hlriiftiire  of 
^  globe,  do   not   neecDMarily  di*p<'nd  u])on   the 
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opinions  whidi  may  be  entertained  of  the  mon 
controTerted  points  of  geological  theory,  while  the 
science  of  comparatiye  anatomy  exists  alone,  sdf- 
eontained,  and  independent  of  geology.  Bat  all 
must  agree  in  admitting  the  important  service  which 
Osteology  has  rendered  to  ge<^gical  inquiries,  and 
in  rejmcing  at  the  influence  which  it  has  had  upon 
those  who  pursue  such  speculations^  in  promoting  a 
more  careful  study  of  facts,  and  recommending  t 
wise  postponement  of  theoretical  reasoning,  und 
the  season  arrites  when  a  sufficient  foundation  kt 
induction  shall  have  been  laid  by  the  patient  ob- 
server. 
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NOTK  1. 

Ai  tome  leaned  men  are  mi! infipd  with  the  proofo 
rfaa  ape*s  jaW'hmie  having  been  foand  at  Sanmn, 
ii  die  Mmth-wert  of  France,  and  an  afitragalus  of 
tbiBme  f(ienos  in  the  Sivalick  hillii,  it  is  very  pos- 
Aie  that  this  genun  may  he  added  to  thone  found 

■  the  itrala  of  the  Mtoeene  period  ;  for  it  is  only 

■  the  more  recent  formations  that  these  remains 
•»  mipposed  to  exist  That  they  should  be  found 
■nany  of  the  Pliocene  formations  is  in  a  high  degree 
inipolmble ;  and  even  then  v^c  have  only  got,  to 
^'  middle  of  the  Tertiary  period.  No  one  con- 
^K  that  in  the  earlier  formations  any  such  n-- 
■>»iiw  arc  to  be  traced. 

Biit  in  case  any  obje^ion  should  be  raised  to 
*!*•  urgmnent  in  the  text,  upon  the  supposition 
">«t,  because  quadnimanous  animals  were  supposed 
"y  Cofier  not  to  be  traceable  in  any  but  the  pre 
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sent  portions  of  the  globe^s  crusty  therefore  hunutt 
remains  may  likewise  hereafter  be  found  in  eailiff 
formations^  we  may  remark  that^  even  if  they  were^ 
contrary  to  every  probability  there  founds  no  ono 
pretends  to  expect  such  remains  in  those  strata 
where  no  mammalia  of  any  kind  have  been  dis- 
covered ;  and  the  argument  in  the  text  is  wholly 
independent  of  the  particular  period  at  which  the 
non-existence  of  our  race  is  admitted.  These  eon« 
siderations  are  fit  to  be  borne  in  mind,  since 
learned  men^  like  Mr.  Schmerling,  are  inclined  to 
think  that  some  human  bones  found  in  the  same 
caves  with  the  remains  of  hyssnas  and  other  ani- 
mals are  of  contemporaneous  origin.  The  great 
majority  of  geologists^  however,  refer  the  animals 
in  question  to  the  last  geological  era  before  the 
creation  of  man. 


NOTE  IL 

The  state  of  rapid  and  solid  advancement  in  which 
the  science  of  Palaeontology  now  is,  may  make  the 
summary  of  its  doctrines  in  any  one  year  little  appH' 
cable  to  the  next.  The  notes  to  the  Analysis  of 
Cuvier,  and  the  subsequent  account  of  the  labours 
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X  DolichodeifUf  .Mufehelkalk — Oemuuiy ;  and  lias — England. 

4.  PentagoDUi  •  •  .Jura  beds — France. 

6s  Plrofundus Variegated  sandstone — Jnra.     Not  known  to 

Coricr. 

6.  Recentior  .  * . .  .Kinraiendge  clay. 

7.  Trigomis  • Calvados — north  ot  France. 

5,  Trigonus Cnvier,  vol.  ii«  p.  486.    Lias^  probably. 


244  rRiNCiriA* 

heavenly  bodies,  deduced  chiefly  from  the  first  por- 
tion of  the  former  part,  and  grounded  upon  the 
phsenomena  observed  by  astronomers.  This  con* 
eluding  portion,  however^  of  the  great  work,  is  also 
interspersed  with  geometrical  reasoning  of  the  same 
admirable  description  as  characterized  the  formefi 
and  applied  to  the  solution  of  problems  respecting 
the  heavenly  motions. 

Before  Sir  Isaac  Newton  appeared  to  enlighten 
mankind^  and  to  found  a  new  era  in  the  history  of 
physical  science,  the  eminent  men  who  had  pre- 
ceded him  had  made,  during  the  century  immedi- 
ately preceding  his  birth,  very  important  steps  in 
furthering  the  advancement  of  our  knowledge ;  and 
they  had  approaclied  exceedingly  near  that  point 
which  forms  the  most  important  of  all  his  discoveries, 
according  to  a  kind  of  law  which  seems  to  regulate 
the  progress  of  human  improvement — a  law  of  con- 
tinuity, which  apparently  prevents  any  sudden,  and, 
as  it  were,  violent  change,  from  being  made  in  the 
intellectual  condition  of  the  species,  and  prescribes 
the  unfolding  of  all  great  truths  by  slow  degrees, 
each  mighty  discovery  being  preceded  by  others 
only  leas  considerable  than  itself^  and  conducting 
towards  it.    The  great  discoveries  in  pure  mathe- 
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matics  afford  strikiog  examples  of  this  truth.  l*hat 
of  logarithms  by  Lord  Napier  is^  perhaps^  the 
inrtauoe  in  which  tlie  most  considerable  deviation  has 
been  made  from  the  rule;  but  even  here  there  had 
beeosome  curious  methods  of  mechanical  calculation 
iorented  before,  and  the  discoverer  of  logarithms 
Uauelf  had  reached  the  point  very  nearly  by  other 
Host  ingenious  contrivances,  before  he  actually 
made  bis  great  step. 

But  the  fluxionary  or  difllerenlial  calculus  gives  a 
lemarkable  exemplification  of  the  general  principle ; 
iod  its  subsequent  most  jm2)oi'tant  extension,  the 
calculus  of  variations,  furnishes  another  not  less 
iUiking.  Before  Newton  and  Leibnitz  made  the 
graml  discovery  from  which  all  the  progress  of  the 
nxxlems,  in  mixed  as  well  as  in  pure  mathematics, 
lias  beeu  derived,  ever  since  Descartes  o2>ened  the 
»ay  by  his  happy  application  of  algebra  to  geo- 
metry, mathematicians  had  b.on  intent  U2>on  the 
neiolution  of  problems  connected  with  the  rectifica- 
tion and  quadrature  of  curves,  and  the  determination 
of  points  that  possess  properties  of  maxima  and 
niainia,  as  well  as  the  finding  of  nornials,  tan- 
pots,  and  osculating  circles.     Tliese  inquiries  had 
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led  them  to  consider  the  laws  by  which  the  idatiooa 
between  the  ordinates  and  abscissae  referred  to  any 
given  axis  are  governed  at  different  points  of  that 
axis ;  for  in  truth  that  implies  the  nature  of  the 
curvature  itself,  and  includes  the  manner  in  whidi 
the  length  of  the  cun'e  line  increases  or  diminishesfi 
as  well  as  the  space  which  it  incloses.    They  wero 
thus  led  to  examine  the  generation  of  those  curve 
lines  and  curvilinear  spaces,  whether  that  is  ooa« 
ceivcd  to  be  effected  by  the  movement  in  the  one 
case  of  points,  and  in  the  other  of  straight  lines,  or 
is  supposed  to  be  produced  by  the  constant  juxta* 
position  of  indefinitely  small  straight  lines  indined 
to  each  other   according  to  a  given  law>  in  the 
one  case,  and  indefinitely  small  rectangles  in  the 
other.    The  latter  is  perhaps  the  more  natural 
supposition  of  the  two,  and  not  the  less  easy.    For 
if  any  one  is  set  to  measure  the  area  of  a  field 
bounded  by  a  curvilinear  outline,  as  he  can  at  once 
measure  a  space  inclosed  within  straight  lines,  hifl 
course  will  be  to  divide  the  given  space  into  squares 
(or  rectangles,  if  it  be  an  oblong),  and  then  to  divide 
each  of  the  smaller  curvilinear  spaces  into  other 
rectangles,  and  so  on  till  he  has  exhausted  the  whole 
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by  ft  nmi-fi  of  fTcUmglcM,  alwnyM  ilfcr^nnmfi  in  nm^  m 

di^  ifMrr^MMi  in  ntimW,  ami  tlie  limi  of  whM;h  M«ni  to 

coinridcf  ncfiirly  or  ftmnibly  wiili  th«  firou  of  ilio  outer 

or  cunrcNl  lin«!  of  iK/iindAry.   JIiuh  he  would  pnKXJod 

by  trial  a  ml  uefiittl  momiiircmrnt  of  tho  Hpaco ; 

mil  thiiN  do  liiml  ttwHnurnrn  Oli»  lifM'ul  (li*M;<'ndantff 

flf  fhcf  fir^t  gronK'ti^m,  am  woII  uh  thrir  nimii;Mik<;«i) 

>lill    prorc!iMi.      Hut    M|ii)(:iiltttivi;    uiii\\u'Uiiiiu''iiiun 

bring  ftWHri)  of  f tin  g«*n«*nd  |iro|)i?rfj(*K  of  thn  lini*f« 

tllMy  hftv«  to  pxnminif,  iind  tlii*M«9  lK;iii{(  rfguhiriy 

fcrnwil,  whirti  ftii*  iHiiindfiry  of  th<*  fif-ld  \n  not,  tliry 

mibl  ndrulati*  thi*  rf*lationM  to  nfii:li  ollii-r  of  thn 

Mdmof  f)i«*  n9f;tttn|{iim  into  whicii  th^y  divided  thn 

fpire,  and  thii4  form  msritm  of  n'CtiliiM'ur  figiirrn 

diminishing   in   fii/i%  iind    which    nvrU'^n   might   Ijo 

<*rri«^  to  uny  lifngtii  no  im  nltimatfly  to  fxhaimt 

th#  riirvilinear  nrcH.     Thnii  A  II  (*  b<*ing  a  M^nii- 

o     n 


'''Ml-,  it  wan  ««ujiy  to  find  th«!  nrra  ofth^'  fi^'niihi'XMgon 
or  tliri-i*  <-f|inhiti'r(il  trituigh'si  A  l>r,  K  l>  K,  iind 
I^K(!,  und  then  of   the  triaiiglfM  Flll'i/'i,  und 
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again  of  the  triangles  F  O  B  x  6^  and  so  on ;  so  that 
the  radius  A  D  being  called  r,  there  was  obtained 

a  series  of  this  form,  |  r*  ^"3  +  f  r*  (2  —  ^3)  + 

yC^^"^-/-^^)  +    &C.,    and  in  like 

manner  an  approximation  to  the  length  of  the  circle 
may  be  found. 

But  the  extreme  cumbrousness  of  this  calculus, 
Tvhich  is  still  more  unmanageable  in  other  curves 
where  the  radii  are  not^  as  in  the  case  of  the  circle, 
equal,  made  it  necessary  to  find  some  other  method; 
and  geometricians  accordingly  examined  the  laws 
by  which  the  areas  increase  in  each  curve,  so  that 
by  adding  all  those  innumerable  increments  toge- 
ther their  sum  might  give  the  exact  space  required. 
The  same  process  was  attempted  with  the  lengths 
of  the  curves,  considering  them  as  polygons  whose 
sides  diminished  while  their  numbers  increased 
indefinitely.  In  this  way  Cavalleri,  Fermat,  and 
Wallis,  and  still  more  Harriot  and  Roberval,  appear 
to  have  come  exceedingly  near  the  discovery  of  the 
general  rule  for  performing  these  operations  before 
Newton  and  Leibnitz,  unknown  to  each  other, 
made  the  great  step.     Roberval  especially  bad 
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lOlred  mftny  problemN  of  qtiudnitiirc*  and  ofdruw 
log  tangents^  by  nicthoclN  extremely  nifiiilar  to 
the  Ncwioniun ;  nor  wero  th«  ancient  iikmIumU  of 
flxhauHtion  and  indivisibles  no  fur  ditrtani  an  to  let 
«ido«ibt  that,  hod  the  old  gconiHers  been  iiosM'SMfl 
of  the  great  instrument  of  ulg(*bru,  and  lietliougbi 
tbem  of  its  truly  feliciloUH  ap|iii(ration  a/*<*ordittg 
totlie  idea  of  l^*s<*artes,  lon^  bc'fure  our  tinu'^i  tb^y 
would  have  untiei|)iiteil  th»  <IiM*ov4*ri«;pi  \vhu:ti  form 
the  groat  glory  of  nuxlern  sriencv. 

II10  diseovery  of  tin;  (*u1cu1um  of  Vuriutlons 
tflbrds  a  similar  exanipb;  of  gradual  |iro|^rvHN. 
When  the  diflferential  culrutun  bad  enabled  us  to 
tscertain  the  maxima  and  miniuia  of  <|uantiti<'»i,  for 
example  the  value*  of  utw  ruurdihatc  to  a  cmim*,  at 
which  tln^  other  becomes  a  niaximtitit  or  a  minimum^ 
or  which  is  the  naiiM*  ltiin<;.  the  point  of  grfatL-nt 
luid  least  distuncf?  between  tin*  rurve  and  a  gi\cn 
right  line,  or  which  ih  tho  hamc  thing.  wh<*n  the 
|cm*ral  relation  of  tlu*  co-ordinatrH  bring  gi\4*n  ne 
Were  enabled  by  meann  of  tin*  ralculuH  to  examine 
what  that  particular  value*  waH  at  which  a  maxiumni 
profifrty  belon|{<*d  to  ono  of  t hum*  then  gcomrtri* 
cisiifi  next  in(piin;d  into  tho  niaxinia  and  minima  of 
dilTcreiit  curves,  that  is  to  say,  into  the  general 

m3 
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relation  between  the  co-ordinates  which  gave  ta 
every  portion  of  the  curve  a  maximum  or  a  minimum 
value  in  some  respect.  Thus^  instead  of  inquiring 
at  what  value  of  x  (the  abscissa)  in  a  known  eqaft» 
tion  between  x  and  the  ordinate  y,  y  became  a 
minimum,  or  the  curve  approached  the  nearest  t9 
its  axis,  the  question  was  what  relation  x  must  have 
to  y  (or  what  must  be  the  equation  as  yet  unknown) 
in  order  to  make  the  whole  curve,  for  example,  of 
the  shortest  length  between  two  given  points,  or 
inclose  with  two  given  lines  the  largest  space,  or 
(having  some  property  given)  inclose  within  itself  the 
largest  space,  or  be  traversed  in  the  shortest  possible 
time  by  a  body  impelled  by  a  given  force  between 
two  given  points.  Here  the  ordinary  resources  of 
the  differential  calculus  failed  us,  because  that  cal- 
culus only  enabled  us,  by  substituting  in  the  diiSer- 
ential  equation  the  value  of  one  co-ordinate  in  tenm 
of  the  other,  to  make  the  whole  equal  to  nothings 
as  it  must  be  at  the  maximum  or  minimum  point 
where  there  is  no  further  increase  or  decrease.  But 
here  no  means  were  afforded  of  making  this  substi- 
tution, and  the  problem  seemed^  as  far  as  tfak 
method  went,  indeterminate.  Various  very  iogie' 
nious  resources  were  employed  by  Sir  Isaac  NawtM 
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who  III  tli«  IMiii'iiiiii  fwciiiN  tu  liiivu  iirHt  Holvml  n 
(irotilffiii  of  till'  lMi|)iTiiti(.'t  ri<Mil  (Oium— t  liul  in,  Jiiiiliiiff 
e  Mulii)  uf  IkiuI.  ri>f>ititiiii|i* ;  uiul  hiwii  nflcr  liy  t)ii) 
BnriMtiiilliit  uiii)  otliin'  ■■(iiiliiii'iittil  iiiiitlK'iiiulitiiaiiH, 
■liotrwrkfd  hy  HkHriil  cutiHtniitiotiH  ilihI HitjijioHiliuiiH 
miiintfiit  with  l)ir<  diilu.  'Iln-  i-iiIciiIiim  nilK-il  timt 
if  VarialioiiHliuNNiiiccliccii  iiiVKiilisI  liii'  tlm  ({cmrml 
•Aliitiiiti  u(  lh<-nf  mill  Klliiti-  Nitiiiliir  [iiolili-inH,  It 
OHnUtn  ill  tniiliti);  l)i»  riihiliiniH  (>r  i|iiiitilitjcH,  tir  iif 
ili"ir  riiiii-iiiitiH,  ill  ihi-iiiHclvcN  viiryintr,  Imt  viiryini; 
arRoriliii;;  Ki  |in-M-nl(i'iI  riiliM,  jitnl  uh  iIih  (iitlt-rcii- 
tiki  culriiliiH  n-f^iinlx  llic  i|iiiiiilitii-H  ilirtiiMtlvcH,  ur 
thpir  riiiiHiiiiii,  tin  viiryiii^  111  runliiiK  III  jiritn-rilji-il 
nili-H.  Il  Itciirn  II)  till-  iliiri-ri-iili>il  nili-iilim  xonii-- 
wliHl  of  llir  rrhiliiiii  wliii-li  tliiil  l>i-iirM  to  thn  nil- 
riitiih  of  fixi'tl  mill  fiiiiti-  or  iuiviirjiii({  tjiiniililifM. 
It  i*  wuiii|i>rriil  liDiv  \i:ry  lusir  Itcniniiilli,  wlicii 
he  fMtlviil  till-  |)ri>)ilctii  uf  limliii;;  llin  iitio  nf 
■wirtiiil  ili<Hci-til,  Ciilni-  lo  liiiiliiit;  oiil  llii-  iriilrnliii  i>( 
iariiitioiini   il',  )ti<]i-i*(i,  lie  nuiy  iiul  lir<  '.;iji]  lo  Imvo 

WtllJllly  I'llljtliiyral    il  wlnii   '  ....,.,-,.1      ...r     1^    III 

llHi(-itHi*(irilii-  <lil1i<i'i-titiul    . 
</u  kiioMii  riirvo   iiilitiiU'ly   i 
llirn-     on  I  ill  Him 
brant' lii-H   of    ma 
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small;  for  he  certainly  made  the  relation  of  then 
ordinates  to  the  abscissa  vary.  Euler  used  the 
calculus  more  systematically  in  the  solution  of  variooi 
problems ;  but  he  was  much  impeded  for  want  4d 
an  algorithm.  This  important  defect  was  supplied 
by  Lagrange^  who  reduced  the  method  to  a  system 
and  laid  down  its  general  principles ;  but  had  Euler 
gone  on  a  little  step  further,  or  bad  Bemouilli 
been  bent  on  finding  out  a  general  method  instead 
of  solving  particular  problems,  or  had  Emerson, 
who  has  one  or  two  similar  investigations  in  his 
book  on  Fluxions,  reduced  the  method  by  which  he 
worked  them  to  a  system  by  giving  one  general  rule 
(which,  writing  a  book  on  the  subject,  he  was  very 
likely  to  have  done),  the  fame  of  that  discovery 
would  have  been  theirs,  which  now  redounds  so 
greatly  and  so  justly  to  the  glory  of  Lagrange. 

The  discovery  of  Gravitation  as  the  governing 
principle  of  the  heavenly  motions  is  no  exception  to 
the  rule  which  we  have  stated  of  continuity  or  gra- 
dual progress.  When  Copernicus  had  first  clearly 
stated  the  truth  to  which  near  approaches  had 
been  made  by  his  predecessors,  from  Pythagoras 
downwards,  that  the  planets  move  round  the  sun, 
and  that  the  earth  also  moves  on  its  axis  while  the 
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MTolfM  round  ih«  earth,  he  yet  aecompasiied 
kit  ilataiiiaiit  with  00  little  froot  beyond  the  agree* 
■mt  with  the  i>henoniena,  which  the  Ptolemaic 
kjrpotbetie  could  equally  boaHt  of/  that  for  more 
thia  half  a  century  afti*rwardti  it  had  no  general 
leeeptanoe^  Bacon  himfteir  rejecting;  it',  when 
Galileo^  by  lAn  telescopic  diNCOvcrieii^  eMjiecially  of 
At  phase*  of  Venufi  and  the  naielliteii  of  Jupiter, 
■id  by  bin  yet  more  important  diNCoveriet  iu  tlio 
hirt  of  motion,  may  be  itaid  iirMt  to  have  proved 
die  truth  of  the  Co[H!rnican  wyMtem.  Aflerwardi* 
tht  Mtellitet  of  Saturn,  added  to  Kephfr'n  ob»erva- 
tioD  of  Mercury**  trunnit  over  tlie  nun,  afibrded 
noit  important  confirmation.  Tlie  great  din* 
CDverict  of  thin  eminent  man  folloiv<*d  cIomo  after 
thoieof  Galileo;  the  motiotm  of  the  planHn  were 
louiul  to  be  in  ellii>iiei»  with  the  »un  in  one  Ufcun; 
linet  drawn  to  the  Htm  from  them  were  frujivl  to 
deieribe  areav  pro|>^irtional  to  tlie  tirneN  of  tiieir 
revolution;  and  the  relation  wm  eNtablinhed  lie- 
ttvten  the  uriuareM  of  thone  timeN  and  the  cuU*m 
of  tlie  di»tanceH  of  tlie   bodien    from   the   focuti. 

♦  It  U  c«Haiii  lK»t  it»  ^rttiit-r  uUniMniy  wm,  Wfort  <UUUt/n 
tb«,  th«  only  ftrgummt  in  fftv<rur  of  thu  Cot^foicsn  ihttfty 
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How  near  this  brought  scientific  men  to  the  cause 
or  law  of  the  whole  is  manifest,  especially  when 
we  regard  the  connexion  thus  established  between 
the  revolving  bodies  and  the  great  luminary  m 
the  centre.  Although  Kepler  himself  erroneously 
mingled  with  the  influence  which  this  law  of  motion 
led  him  to  ascribe  to  the  sun  a  transverse  force 
which  he  deemed  necessary  to  maintain  the  pro- 
jectile motion  of  the  planets  round  the  centre^  yet 
others  formed  more  correct  ideas  of  the  matter.  It 
seems  to  have  been  Huygens,  who>  fourteen  years 
before  the  '*  Principia'*  was  published^  first  showed 
the  true  nature  of  centrifugal  forces ;  but  several 
years  earlier^  Borelli^  in  treating  of  the  motion  of 
Jupiter's  satellites^  considers  the  planets  as  having 
a  tendency  to  resile  from  the  sun  and  the  satellites 
from  the  planets^  but  as  being  '^  drawn  towards  and 
held  by  those  central  bodies,  and  so  compelled  to 
follow  them  in  continued  revolutions/'  He  also 
most  accurately  compares  the  receding  (or  centri- 
fugal) force  with  the  tendency  of  a  stone  whirled 
in  a  sling  to  fly  off  at  every  instant  of  its  motioiL 
Hooke,  a  man  of  uDquestionable  genius,  and  whose 
partial  anticipations  of  many  great  discoveries  are 
truly  remarkable,  about  the  same  time  with  Borelli, 
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tMerted  that  the  attraction  of  the  sun  draws  away 

the  planets  from  moving  in  straight  lines,  and  that 

the  force  of  the  attraction  varies  with  the  distance. 

He  had,  as  early  as    1600,  read   to  the  Royal 

Society  a  paper  explaining  the  curvilinear  motion 

of  the  planets  by  attraction ;  and  Ilalloy,  as  well 

as  others,  had  even  hit  upon  the  inverse  duplicate 

ratio,  by  supposing  that  the  infltionce  from  the  sun 

was  diffused  in  a  circle,   and  that  therefore  the 

areas  proportioned  to  that  influence  were  as  the 

squares  of  the  radii,  and  consequently  the  intoDsities, 

being  inversely  as  those  areas,  were  iiwcrsi^Iy  as 

the  squares  of  the  radii  or  distances.  Finally,  Hooke 

had  foretold,  ttiat  whoever  set  himself  to  investigate 

the  subject  experimentally  would  discover  the  tnie 

cause  of  all  the  heavenly  motions. 

Such  were  the  near  approaches  which  luid  been 
mode  to  the  law  of  Gravitation  before  its  final  mul 
oomplete  discovery.  But  although  in  this  gradual 
progress  it  resembles  almost  all  the  other  great  im- 
provements in  science,  in  one  material  resiK^ct  it 
differs  from  them  all.  The  theory  was  perfect 
whidi  Newton  delivered,  and  the  whole  subject  was 
at  once  ttioroughly  investigated ;  it  was  not  tliat 
the  general  principle  hitherto  anxiously  sought  for, 
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and  of  which  others  had  caught  many  gUmpsesi 
was  now  unfolded  and  established  upon  appropriate 
foundations,  but  almost  every  consequence  and  ap* 
plication  of  it  was  either  traced,  or  plainly  sketehed 
out ;  it  was  pursued  into  all  the  details ;  a  syp 
tematic  account  of  its  operation  was  given,  symme- 
trical, and  in  its  main  branches  complete ;  so  that, 
however  nearly  former  inquirers  had  approached 
the  general  law,  the  distance  was  prodigious  be- 
tween their  conjectures,  how  learned  and  happy 
soever,  and  the  magnificent  work  which  the  genius 
of  Newton  had  accomplished.'*' 

It  must  be  observed,  too,  that,  beside  this  grand 
achievement,  the  Principia  performed  three  other 
most  important  services  to  physical  and  mathema" 
tical  science.      First.   It  laid   a  deep   and  solid 
foundation  for  subsequent  discoveries  in  the  science 

*  The  f ubfequent  difcoveriet  of  mathematiciaDt  by  meani  oT 
the  improvementi  in  the  calcolui,  have  added  new  illustrations^ 
and  traced  further  consequences  of  the  theory.  But  there  is  only 
one  of  their  improvemeats  which  can  justly  be  said  to  hav9 
advanced  the  evidence  of  the  fundamental  principle  further  tha» 
Sir  J.  Newton  had  carried  it,  by  supplying  any  defect  which  hm 
had  left;  we  allude  to  the  reconcilement  by  Clairaut  of  tha 
moon's  apogeal  motion  according  to  the  theory  with  the  observa* 
tion.  This  is  fully  explained  in  the  sequel.  It  forms  one  of  th^ 
most  interesting  passages  in  the  whole  history  of  science. 
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ofphytical  antronomy,  both  in  tlio  general  priii* 
tipkf  of  dynamic*  which  it  unfolded,  and  in  the 
application  wliich  it  made  of  iliene  to  the  heavenly 
liodiM  and  their  luotionn.  Secondly*  It  gave  a 
complete  iiy»teni  of  dynamic*  applicable  to  all  »ub- 
jectf  connected  witli  motion  and  force  and  ntaiict — a 
•yHem  throughout  abounding  in  ttie  mont  important 
original  mathematical  truth«,  expounded  and  proved 
«itii  ningular  beauty,  tliough  with  extreme  concise- 
new*  Thirdly.  It  propounded  and  nliowed  tlie 
tpplicatlon  of  a  new  calculuM,  or  method  of  mathe- 
nuitical  invcMtigation,  that  method  by  the  help  of 
vbich  thoie  trutliH  hud  been  diMCovered ;  and  othort, 
kelbre  rcHting  ufKin  an  empirical  foundation,  were 
demonstrated.  TIiuh  it  iit  no  exaggeration  to  luiy 
thit,  even  if  the  great  diiiCdvery  of  the  law  which 
V^rmt  the  univerMe  were  taken  uway  from  the 
I'rincipiu,  it  uoidd  htill  retain  itn  rank  u^  the  head 
^  all  the  workit  of  mutheniaticianH,  an  the  mo»t 
wonderful  nerien  of  di»u:uveri(*H  in  geometrical 
•**nce,  and  ilH  application  to  the  principlen  of 
*'ynamic». 

That  the  reception  of  thin  work  waii  not  micli  \\% 
^^i^xi  have  been  expected  huM  frequently  been 
*llegod;    and    although   an   ingenious  and  well- 
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meant  attempt  has  lately  been  made  by  an  eminent 
mathematician'*'  to   relieve  this  country  from  iU 
share  of  the  imputation^  chiefly  by  showing  the 
estimation  the  author  was  held  in  immediately  after 
its  publication^  it  is,  on  the  one  hand,  certain  that 
Newton^s  previous  fame  was  great  by  former  dis- 
coveries^ and  that  after  its  appearance  the  Prineipia 
was  more  admired  than  studied.     There  is  no  get^ 
ting  over  the  inference  on  this  head  which  arises 
from  the  dates  of  the  two  first  editions;   there 
elapsed  an  interval  of  no  less  than  twenty-seven 
years  between  them ;  and  although  Cotes  speaks  of 
the  copies  having  become  scarce  and  in  very  great 
demand  when  the  second  edition  appeared  in  1713> 
yet  had  this  urgent  demand  been  of  many  years 
continuance,  this  reprinting  could  never  have  been  sO 
long  delayed;  nor  was  the  next  edition  require^ 
for  thirteen  years  after  the  second ;  so  that  infortj^ 
years  the  greatest  work  ever  composed  by  maX 
reached  only  a  third  edition,  and  that  third  ha^ 
during  the  succeeding  hundred  years,  been  the  on.^ 
generally  in  use,  although  translations  and  excerpt^ 
have  been  published  from  time  to  time,  and  tw^ 
editions  were  printed  on  the  Continent,*  one  m-^ 

*  Wheweirs  Hiitoiy  of  the  Inductive  Sciences,  vol.  ii. 
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AauKtrdam  and  one  at  Cologne.  The  doC'* 
Miwi  of  the  work  were,  however,  much  more 
readily  embraced  and  more  generally  diffused  in 
thii  country,  which  had  the  benefit  of  Maclaurin's 
adfflirabte  view  of  the  more  general  principles  of 
the  syatemi  published  about  the  middle  of  the  last 
enrtury.  On  the  Continent  they  made  their  way 
fiu*  more  slowly ;  nor  was  it  until  Voltaire  employed 
Us  great  powers  of  clear  appreliension  and  lucid 
sratemcnt  to  give  them  currency  tliat  tlio  Cartesian 
pnjudices  of  our  neighbours  gave  way,  and  the 
true  doctrine  found  a  general  and  a  willing  ac- 
ceptance. 

It  must  be  admitted  that  the  manner  in  which 
the  tmtha  of  the  Prineipia  were  unfolded  has  added 
•omewbat  to  the  slowness  of  the  world  at  large  in 
^bracing  them,  but  greatly  to  the  reluctance  with 
which  men  liave  generally  undertaken  the  task  of 
hiding  that  great  work,  and  Hatisfying  themselves 
rf  the  proofs  upon  which  its  doctrines  rcHt  Concise* 
Mm  if  everywhere  rigorously  studied ;  not  only  does 
the  author  avoid  all  needless  prolixity  and  repetition 
h  unfolding  his  discoveries,  but  ho  leaves  out  so 
ttuiy  of  the  step  of  his  demonstration,  and  assumes 
hit  reader  to  be  so  expert  a  geometrician,  that  the 
U)our  of  following  him  is  often  sufficient  to  deter 
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ordinary  students  from  making  the  effort.    If  mt^ 
thematical  reading  is  never  the  same  pafsifrekindof 
operation  with  other  studies^  the  perusal  of  the  Prifl^ 
eipia  is  emj^tically  an  active  exercise  of  themiodi 
for  what  appeared  to  the  intuitive  glance  of  him  who 
could  discover  the  theorem  or  solve  the  problem  too 
plain  to  require  any  proof,  may  well  stop  common 
minds  in  their  progress  towards  the  point  whither  be 
is  guiding  them ;  the  distances  which  he  can  stride 
at  once  over  this  difficult  path  must,  by  weaker 
persons,  be  divided  into  many  portions,  and  tra- 
velled by  successive  steps.     Add  to  which,  that,  as 
the  method  of  proof  is  throughout  synthetical,  and 
as  it  is  geometrical,  the  Iielps  of  modern  analysis  are 
thus  withheld.     Upon  the  whole,  therefore,  a  most 
valuable  service  was  rendered  to  students  by  the 
able  and  learned  commentary  of  the  Jesuits,  Le 
Seur  and  Jacquier,  who,  in  1739  and  1742,  pub-* 
lished  the  Principia,  with  very  copious  illustrations^ 
although  it  is  to  be  regretted  that  they  resort  far 
less  frequently  to  analysis  than  was  desirable.     It 
is  remarliable  enough,  and  affords  an  additional 
Droof  of  the  slow  progress  which  truth  had  then 
e  in  some  parts  of  Europe,  that  these  excellent 
ors  deemed  it  necessary  to  accompany  their 
ication  of  the  Third  book,  which  treats  of  the 
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hfarenly  motions,  with  a  declaration  in  theme  words: 
*Neirtomit  in  hoc  tertio  libro  Telluris  moto 
lijpothesini  oHverit.  Autoris  propoHitionos  aliter 
Mplirari  non  potorant,  niHi  rUdom  quoqiio  facta 
IqrpodieMi.  Hinc  alicnam  coacti  Mumiis  gorerc  per- 
lonim;  entrrum  latis  a  Humniit  Pontificibim  contra 
Tfllurii  mofum  J)(*crctiH  nos  obsuqui  profitemiir.** 
Thtt  odition  is  dnted,  as  might  b<»  suppoHcd,  at 
Rome.* 

Ilio  Principia  bcgiim  with  a  definition  of  terms, 
awl  a  roiiipendiouH  statement  of  the  science  of 
(lyiMinics  as  it  existed  previous  to  Newton's  disco- 
vffies.  llie  definitions,  eight  in  number,  comprise 
tbt  of  quaniity  of  Matter,  which  is  in  the  proper* 
tion  of  its  hulk  and  density,  the  density  being  the 
pvu|)onion  of  its  mass  to  its  bulk — the  quantity  of 
fn^tm,  which  is  in  proportion  to  the  velocity  and 
(|Utntity  of  matter  jointly — the  vtJf  inertia,  winch 

*  It  muity  iMiwwer,  \m  obMrved)  iliai  Much  bi|;otry  and  iutole- 
iMctvu  not  coiiilnrd  (o  Hume.  Af  liiti>  ai  \7Ct'J,  Uufion  waa 
(MpfllM),  hy  thu  iiitvrfiprancK  of  tho  Hurbonne,  to  publinh  a 
vvcialaidm  of  Mme  {Nirtion  of  hit  fantaitinal  theory  of  the  earthy 
*«*yifheiiUiiiK,  ai»  it  hnpiHrned,  tho  very  f«w  thinKi  in  it  which 
^  any  reaeoiiubltt  fuffi'lutiun.  Wo  ought  alio  to  mention^  for 
tWcmlit  uf  iho  Papal  (lovcmnient,  that  a  late  i)0tiiiff  (Piui  VI  I.) 
P^tnu^d  a  repeal  uf  the  I'ccn  •  aKtinet  tho  Coptmieaa  syitem 
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is  the  force  w  power  of  matter  to  persist  in  tsof 
given  state^  whether  of  rest  or  of  motion  in  i 
straight  line,  and  to  resist  any  external  force  ifll* : 
pressed  upon  it  to  change  that  state — centrifHd 
fwrce,  which  is  the  power  that  draws  towards! 
given  point  or  centre  bodies  at  a  distance  from  it— 
finally,  the  three  kinds  of  amount  of  centripedl  ] 
force;  the  absolute  amount,  in  proportion  to liie 
intensity  of  the  power  exerted  in  drawing  towaidi 
the  centre ;  the  accelerating,  in  proportion  to  the 
velocity  generated  in  a  given  time ;  and  the  mmfigt 
in  proportion  to  the  motion  generated  in  a  given 
time  towards  the  centre.* 

Two  things  are  worthy  of  remark  in  these  defi- 
nitions :  Jirst,  that,  as  if  foreseeing  the  cavils  to 
which  his  doctrines  would  give  rise,  he  guards, 
in  a  scholium  to  the  definitions,  against  the  sup- 
position that  he  means  to  give  any  opinion  as  to 
the  nature  or  cause  of  centripetal  force,  much  lea^ 
that  he  ascribes  any  virtue  of  attraction  to  mef^ 
centres  or  mathematical  points;  whereas  he  onlj 
means  to  express  certain  known  and  observed  iacts  ' 

*  There  are  eight  definitions  in  the  book,  though  we  hare  ont^ 
given  them  under  seven  beads,  not  having  made  a  separate  detf 
nition  of  the  force  impreued,  which  is  here  mentioned  under  tl^^ 
imiK>rtant  head  of  the  vU  inerttet. 
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Mfc^ndly^  that,  hi  ilhuirnlin^  hiii  dofinition  ofcoti- 
tripi*tttl  furceiy  he  nnilly  arittcipiiU*H  Iiih  great  dw- 
coi'ory ;  for,  oftiT  giving  flio  oxnmplcM  of  magnetic 
■diou,  and  of  u  hUww  wliirlc^<l  in  n  (fling,  he  pro- 
cvetU  to  tlitf  motion  of  projuciihiM^  andnhuwH  how. 
by  iiicruaiiing  tho  rentrifugal  furco,  they  inuy  he 
nwdi!  to  move*  luiiind  thcs  mrth,  an  may  aJNO,  ho 
••}'>»  the  moon»  if  Nhr  Ims  a  heavy  l)ody,  or  in 
Rii)  other  way  ho  dcfh^eted  towardH  tlie  earlh,  and 
rrittiufd  in  h«T  orhit.  That  forre,  he  uddH,  nnml 
Uuf  a  certain  amount,  neither  more  ncM*  Iohh;  and 
tlip  hiisineHM  of  nnith<*nuitieianH  iN  to  find  thin  neees- 
^:iry  auioiiiit,  or,  eonvernely,  Iniving  given  th(* 
uiioiiat,  to  find  the  curve  in  which  it  nuik(»M  the* 
InkIv  move.  Tile  connexion  het.weeu  the  intjuiricH 
vliii'li  form  the  niain  Huhject.  of  the  two  firnt.  liookn 
of  lilt*  Principia  and  phyNical  aNt.roiUMny,  the  huI)- 
jifl  of  the  third,  Ih  thu.s  explicitly  ntated  ;  hut  a 
liUin  indication  in  aUo  here  ailorded  of  the  ^reat. 
dincovrry  in  wliich  the  whf»le  iuvehti^ation  xw  to 
rml. 

Tlie  ihu'.trini'H  of  dynatnicn,  known  previously  tf» 
kn  tliscoverieM,  are  then  ^iveii  in  the  (orm  of  corol - 
Wn  to  the  threif  ^eu(*ral  hiWN  of  motion.  Tlh* 
firM  law   in   that   of  I  he   r/.v   iiitrfitr,  already    ex- 
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plained ;  and  it  is  to  be  observed  here  that  a 
steady  and  clear  conception  of  the  tendency  of  all 
moving  bodies  to  proceed  in  a  straight  line  unless 
deflected  from  it,  is,  perhaps,  more  than  anything 
else,  that  which  distinguished  the  Newtonian  from 
the  immediately  preceding  doctrines,  mixing  up  as 
these  did  more  influences  than  one  proceeding  from 
the  centre  with  a  view  to  explain  the  composite 
motion  of  the  planets. 

The  second  law  is,  that  all  changes  in  the  motion 
of  any  body,  or  all  changes  from  rest  to  motion,  are 
in  proportion  to  the  moving  force  impressed,  and 
are  in  the  straight  line  of  that  force's  direction. 

The  third  law  is,  that  reaction  is  always  equal 
and  opposite  to  action ;  or  that  the  mutual  actions 
of  any  two  bodies  are  always  equal  to  one  another, 
and  in  opposite  directions. 

From  these  laws  the  six  corollaries  which  are 
added  deduce  the  fundamental  principles  of  dyna- 
mics ;  and  there  is  a  scholium  to  the  whole,  which 
states  the  application  of  those  principles  to  the 
descent  of  heavy  bodies  and  the  parabolic  motion 
of  projectiles.  Of  all  the  principles,  the  most  im- 
portant is  that  of  the  Composition  and  Resolution  of 
forces.     As  by  the  first  law  a  body  always  perse- 
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every  motion  of  a  moving  body  may  be  resolved 
into  two,  of  which  the  one  is  in  any  given  direction 
whatever,  and  the  other  is  found  by  completing  the 
parallelogram,  whereof  that  given  direction  is  one 
of  the  sides  and  the  direction  the  body  moves  in  the 
diagonal.  From  this  resolution  of  forces  it  is  easily 
shown,  that  if  any  weights  or  other  powers  acting  in 
parallel  lines  are  applied  to  the  opposite  ends  of  a 
lever  moving  on  a  centre  or  fulcrum,  the  effect  of 
each  will  be  directly  as  its  distance  from  that  centre, 
in  other  words,  as  the  length  of  the  contiguous  arm 
of  the  lever;  consequently,  that  if  the  weights  or 
powers  are  made  inversely  as  those  lengths,  the  whole 
will  be  in  equilibrio  or  balanced.     This  is  the  well 
known  and  fundamental  principle  of  the  lever,  the 
foundation  of  mechanics ;  and  it  applies  also  to  the 
wheel  and  axle  and  the  puUy.     The  fundamental 
properties  of  the  screw,  the  wedge,  and  the  inclined 
plane  are  deduced  in  like  manner  from  this  im- 
portant proposition.     So  may  all  the  properties  of 
the  centre  of  gravity,  and  the  method  of  finding  it ; 
for,  in  fact,  the  fulcrum  of  the  lever  is  the  common 
centre  of  gravity  of  two  bodies  equal  to  the  two 
weights,  and  placed  at  the  opposite  ends  of  the 
lever,  and  the  line  joining  the  bodies  is  divided  ifl 
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Hie  invenio  proportion  of  those  bodion.  It  also  is 
etsily  shown  that  the  common  contro  of  gravity  of 
two  or  more  bodies  is  not  moved^  nor  in  any  way 
aflkted,  by  their  mutual  actions  on  each  other,  but 
it  either  remains  at  rest,  or  moves  forward  in  a 
stnigiit  lino.  So  are  the  relative  motions  of  any 
sjTKtem  of  bodies,  whether  the  space  they  occupy  is 
at  rest,  or  moves  uniformly  in  a  straight  line. 

The  Scholium  to  the  laws  of  motion  first  con- 
siders very  briefly  the  motion  of  fulling  bodies  which 
<bwend  with  a  velocity  uniformly  accelerated,  that 
Telocity  which  is  given  to  them  by  the  attniction 
of  the  earth  during  the  first  instant  continuing  and 
having  at  each  succeeding  instant  a  new  impulse 
idded;  the  accelenition,  therefore,  is  as  the  time; 
aod  they  move  through  a  space  proportional  to  the 
wlority  and  the  time  jointly,  consequently  propor- 
tional to  tlie  square  of  the  time,  since  the  velocity  is 
itirlf  proportional  to  the  time.*  The  scholium  next, 

*  V«loeHy  it  m  tinit,  t.  e.,  v  ii  am  m  / ;  npace  ii  at  veto- 
ed X  UfB«  ;  or  i  m  f>  X  /.  thercfure  iipAcn  it  ai  titnfi  X  time,  or 
Vt^fo  of  tifiN>,  thiit  ii,  «  iw  an  m  /  X  /,  or  m  /'.-  The  propor- 
tlisof  tiM  tpAco  faUtn  thruiif(h  by  the  force  of  gravity  (or  moved 
IkiPigli  by  any  bo<ly  uniformly  accelerated)  to  the  Minaro  of  the 
ti*M,  b  abo  demonfttrated  thtta.  I^  the  velocity  acquired  at  any 
■mtBtP  of  the  tisM  A  P  bt  P  II,  and  bMSUM  the  velocity  oni- 

n2 
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Ji.  Buiasorieiiof  »iich  diagonalu  m  a  polygon 
lite  number  of  iii(le»,  infinitely  »mall ;  inother 

curve  line.  Now  in  the  cane  of  a  projec« 
continued  or  accelerating  force  in  nucli  as 

the  bo<ly,  if  no  other  force  acted  on  it, 
igh  MpaceH  proportional  to  the  square  of 
m,  llie  other  force  acting  onm^  for  all 
ake  it,  were  there  no  gravity  acting,  move 
H  proportioned  to  the  tinien  mmply.  'Jlio 
r    projecting  force  would   make  it  move 

If 


A  H  uniformly,  or  in  Mpac<m  propor- 
>  thf  tinioH;  \\u*  force  of  gravity  wotdd 
move  through  A  V  witli  a  nuition  pro|)or- 
)  the  Nquure  of  the  tiniofi;  therefore  it  will 
1  a  curve  ptiMNiiig  through  M.  if  1*M  is 
ind  pandlel  to  A  li ;  and  A  V  will  be  an 
ire  of  A  B  or  V  M,  wliich  is  the  proiwrty  of 
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the  conic  parabola  m .  A  P  =  P  MS  m  being  the 
parameter  to  the  point  A.     The  scholium  concludes 
by  stating  some  consequences  of  the  equality  of 
action  and  reaction^  the  third  law  of  motion,  with 
respect  to  oscillation  and  impact^  and  also  with 
respect  to  mutual  attractions,  of  which  the  most 
important  is  that  the  attraction  or  weight  of  heavy 
bodies  in  respect  of  the  earth,  and  of  the  earth  in 
respect  of  them,  is  equal. 

The  great  work  itself,  after  these  preliminary 
though  essential  matters,  proceeds  to  its  proper 
subject ;  but  in  order  to  show  how  the  demonstra- 
tions arc  conducted,  it  prefixes  a  short  treatise  upon 
the  method  of  Prime  and  ultimate  Ratios,  in  eleven 
Lemmas,  with  their  corollaries. 

This  method  consists  in  considering  all  quantities 
as  generated  by  the  uniform  progression  or  motion  . 
of  other  quantities,  and  examining  the  relations 
which  the  smallest  conceivable  spaces  thus  generated 
by  this  motion  bear  to  one  another,  and  to  the 
spaces  generated  at  the  moment  of  their  inception, 
or  when  they  are  nascent,  which  is  termed  iheir prime 
ratio f  and  at  the  moment  of  their  vanishing,  or  when 
they  are  evanescent^  which  is  termed  their  ultimate 
ratio.  Thus  a  point  moving  along  in  a  straightfoT' 
ward  direction  generates  a  straight  line ;  aline  moving 
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ptralM  to  ttuclf,  or  two  limm  moving  at  right  ang1<w 
tonfw  another, gimrraite  a  rectangle :  one  line  moving, 
whife  a  point  in  it  movefi  along  it  no  tliat  itH  progrenti 
«a  the  moring  line  always  b<*arfi  a  given  ratio  to 
the  progreiM  the  line  haM  made  (m,A  PsP  M), 
ddcribeii  a  triangle ;  the  name  motion,  if  the  pro- 


A 

ffPHu  ofthif  )K/itit  hcurM  ii  viiriahle  r<*hiiiontothat  of 
the  lini*  (x.  A  1'=!*  M';  x.  xA  V  Iming  wnne 
funrtion  of  A  V),  (h*HrrilieK  a  eiirve  line  and  eurvi* 
linear  area ;  and  ho  of  M>lidM,  wliirh  ant  (;enerat4;d 
by  the  motion  of  plani*K. 

It  follows  from  thin  m<Ml('  of  gi*iieration  that  if 
the  length  of  any  eiirve  line*  hf  divided  into  an 
infinite  niiml}«*r  of  lin<*H,  the  Huni  of  them*  nill  not 
differ  from  the  curv«!  line  by  any  atmignahle  diflTiv- 
cnoe,  nor  will  each  diflfer  from  a  Htraight  line ;  and 
if  its  area  In5  divided  into  an  infinite  inmdier  of 
umaller  areas  by  lirieH  drawn  parallel  to  the  line 
whoM  progretMive  motion  generated  the  curvilinear 
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area,  the  sum  of  these  infinitely  narrow  areas  will 
differ  from  the  area  of  the  curve  by  a  difference  leas 
than  any  assignable  difference,  nor  will  each  differ 
from  a  rectangle ;  in  other  words,  the  ratio  of  tbs 
nascent  curve  line  and  nascent  curvilinear  area  will 
be  that  of  equality  with  the  small  lines  and  small 
rectangles,  and  the  ultimate  mtio  of  the  sums  of 
the  lines  and  rectangles  to  the  whole  curve  line 
and  curvilinear  area,  respectively,  will  be  that  of 
equaUty :— Or  to  put  it  otherwise,  if  the  axis  of  the 
curve  be  divided  into  parts  P  P,  &c.,  and  the  arei 
into  spaces  P  M  R  P,  &c.,  byordinates  PM,  PB, 
&c.,  and  the  number  of  these  spaces  be  increased, 
and  their  breadth  P  P  be  diminished  indefinttelyi 


N  — ^^r — 10 


which  is  the  operation  of  the  generative  motion  of 
P  M,  the  size  of  each  of  the  small  spaces  M  N  BO 
by  which  the  curvilinear  areas  differ  from  the  red- 
angles  diminishes  infinitely,  and  the  ultimate  ratio 
of  all  the  curve  areas  P  M  R  P,  and  all  the  rectanglw 
P  N  R  P,  becomes  that  of  equality,  and  therefore 
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tktstunorefaiMMeatitdiflrereiicesNMOR,  NROR, 
Ikc,  whereby  the  whole  curvilineiir  area  diflTen  from 
the  whole  amount  of  the  rcctangh*ti  P  N  R  P, 
become«  lew  than  any  aMignablc  quantity,  or  the 
eunrilinear  area  coincides  with  tho  sum  of  the  roct- 
iogleM.  And  no  of  the  mim  of  all  the  diagonaln 
M  R«  R  R,  &c.|  which  becomes  tlic  curve  line  M  R  A. 
Hence  we  infer  that  the  amount  of  tlnme  fimall 
tpaeee  or  quantities  N  M  O  Ri  formrd  by  multiply^' 
log  togetlier  two  evaneficent  quuntiticfi,  \n  an  nothing 
in  eom|iari»on  with  thc>  rectangles  P  M  O  P  formed 
hj  only  one  eranescent  quantity  multiplied  into  a 
finite  quantity,  and  may  be  n(;glc*ctcd  in  any  equa- 
tion tlwt  expreMcs  the  ^'elatioHH  of  those  rectangles 
with  each  otiier.  But  if  sonir  other  (|uuntitieH  bo 
found  which  are,  in  comparison  with  these  small 
onefi,  tliemselves  infinitely  small,  the  areas  formed  by 
multiplying  this  second  set  of  small  (piantities  may 
be  rej(*cted  in  any  equation  exprcHsing  the  relations 
of  t|i(wc  first  small  quantities.  'Jims  wo  have  the 
origin  and  constitution  of  (piantities  which  in  the 
Newtonian  scheme  are  called  JluxioiiM  of  <liflerent 
orders,  b4*caus<f  conceived  to  (*x|)reHs  the  manner  of 
the  generation  of  (piantities  by  the  motion  of  others, 
ftnd  in  Leibnitz's  language  are  called  inflnitimimals 
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or  differ enceBy  because  conceived  to  express  the  con- 
stant adciition  of  one  indefinitely  small  quantity  to 
another.  Obtaining  the  fluxion^  or  the  differences, 
from  the  quantity  generated  by  the  motion  or  by  the 
addition^  is  called  the  direct  method;  obtaining 
the  quantity  generated  from  the  fluxions^  or  finding 
the  sum  of  all  the  differences,  is  called  the  indirect 
method.  The  one  theory  calls  the  direct  method 
that  of  finding  j^tifl;i(m^,  the  indirect  that  of  finding 
fluents  ;  the  other  theory  calls  the  former  differen- 
tiation, or  finding  differ  entialsythe  \B.tteTrntegraHm, 
or  finding  integrals.  The  two  systems^  therefore, 
in  no  one  respect  whatever  differ  except  in  their 
origin  and  language ;  their  rules,  principles,  appli- 
cations, and  results,  are  the  same.  A  different 
symbol  has  been  used  in  the  two  systems ;  Newton 
expressing  a  fluxion  by  a  point  or  dot,  and  the 
fluxion  of  that  fluxion,  or  a  second  fluxion,  by  twc 
dots,  and  so  on.  Leibnitz  prefixes  the  letter  d,  anc 
its  powers  cP,  cP,  &c.,  instead,  to  express  the  differ- 
entials. In  like  manner  J*  for  sum  is  used  by  th< 
latter  to  express  the  integral,  and  /  by  the  formei 
for  the  fluent.  Although  the  continental  methoc 
of  notation  is  now  generally  used,  and  is  on  th< 
whole  most  convenient,  yet  it  has  its  inconveniency; 
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ai  Um  J  is  someiimet  conibuncUxl  with  eo-efficimitii 
of  the  variable  quantities ;  it  in  in  some  respects 
toO|  not  very  consistent  with  itself;  as  by  making 
dg^  mean  tlie  square  of  the  fluxion,  or  difl*erential 
of «;  whereas  it,  strictly  speaking,  appeant  to  denote 
the  diflfcrential  of  op*.  There  can  be  no  doubt,  however, 
wliich  notation  is  the  most  convenient  in  the  exten- 
•ioD  of  the  system  to  the  calculus  of  variations, 
where  the  symbol  is  S ;  for  although  tlie  variation  of 
i  fluxion  may  perhaps  even  more  conveniently  bee 
expressed  by  2x  than  by  idx,  yet  the  fluxion  of  a 
variation  can  with  no  convenience  be  expresNcd  by 

A,  or  otherwinc  than  by  dcx.    The  exprei^Mion  of 

•mwd  fluxions  undi»veIo|>cd  jh  alno  far  1(;hh  conve- 
nient by  the  Ni'wtonian  notation,    'i'hus  i\u*  fluxion 

of^  iH  Hometimes  n*quired  to  lie  expn'Kwtd  witliout 

(I  X 

d^eioiiement,  an  in  the  expresnion  for  the  radius  of 
curvature,  wIuto  it  in  oftfn  exiM»dient  not  to  develo|>e 

itiiithe  g«*n(*ral eu nation,  but  to  find  -J.  jn  terms 

dar 

^r  or  y  biffore  taking  its  fluxion ;  yet  nothing  can 
^  more  clumny  than  to  place  a  dot  over  the  fraction, 

•nen»aM  d    ( --^  ]  i*<  perfectly  convenient, 
^eral  itn|>ortant  couHideratiouH  arise  out  of  tlie 
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nature  and  origin  of  these  infinitesimal  quantities 
as  we  have  described  them,  and  to  these  considera- 
tions we  must  now  shortly  advert,  as  they  give  the 
rules  for  finding  the  fluxions  of  all  quantities,  and, 
conversely^  lead  to  those  for  investigating  or  finding 
the  fluents  of  fluxional  expressions. 

A  rectangle  AM  being  generated  by  the  side 
P  M  moving  along  A  P  while  the  side  N  M  moves 
along  A  N,  the  movement  or  fluxion  of  A  M,  or  of 
APxPM,   is   PS+MO,  part   of  the  gnomon 


P  S  +  S  O,  because  the  rectangle  M  V  is  evanescent 
compared  with  the  other  two,  and  is  to  be  rejected. 
Therefore  the  fluxion  ofAPxPM  =  PMxPT 
+  NMxNO,  orPMxPT+APxMR.  Calling 
AP=a:,andPM=y,andPT=rf^,andMR=dy, 
we  have  the  fluxion  of  xy=ixd  y+y  d  x.  But  if 
the  figure  be  a  square,  and  AP=P  M,  or  a:=:y, 
then  the  fluxion  k  2xdx.  So  if  we  would  find 
the  fluxion  of  a  parallelepiped  whose  sides  are  x,  y, 
and  z,  we  shall  in  like  manner  find  that  it  is 
X  y  d  Z'\-x  z  dy-^-y  z  d  x;    if   xz=:z,   then   it  is 
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if/oedcc+a^dffi  and  if  rrsiyss;?,  or  the  figure  be 
teube,  it  it  Sa^dw.  From  hence,  although  the 
fBometrioal  analogy  servcH  ui  no  further  (as  there 
•ru  only  three  dimonHions  in  rigurci)^  we  derive  by 
analogy  the  rule  that  tlie  fluxion  of  of  xh  m  oi"^^  d  or, 
AImo  there  in  no  dimenaion  of  figure  Iomh  than  unity; 
but  by  the  namu  analogy  we  obtain  tlie  fluxion  of 

«*■.  or  — ,  nain(*ly,  m  ir"*^*  (/  .r,  or  —  -  ^  ,  and  of 

(*oniiiMontly  with  ihn  Nunic  ])riiiC!i[)leH,  wo  may 
Mico  tluH  rulo  otliorwim)  and  nion*  Ntrictly.  Lot 
'4*  c/j^bo  the  (|uantlty  wlioii  incroaMcd  by  the 
fluxion.  TIiIm  niulti|)liml  by  iUdO  or  itH  H(|uure 
whuu  coniplutod,  ih  .i;"  -f  *J  o?  (/  .#;  +  ((/  .1)" ;  but  to 
iMVtithn  nu^rn  itirroniont  or  fluxion  wo  niuHt  dc»dnet 
^'i  and  Wi)  must  aUo  rojcct  (//  .r)*  uh  ovanoAHint 
<^nipiired  with  tb"  fundioii  *2.rf/ir,  which  leavon 
^Jfrfr  for  tbo  fluxion.  So  tbo  ciibf  ih  ;/•"  +  . *i  x'r/ii; 
+  'i.r  (r/  .**;  +  (</  j-y,  luul  rfjm'tinK,  in  like  nianiior, 
*^«  havi*  iluN/r;  and   by  tbo  binomial  tlu»oroni 

**hich  only  the  Mocond  term  can  upon  tbo  huuio 
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principles  be  retained ;  that  is  mjc"*^ddr;  andthe 

same  nUes  apply  to  the  .fluxions  of  surds ;  so  thai 

1 .      d x+d y 
the  fluxion  of  {x  +y)^  is    — ^=r= . 

2sJ  x  +  y 

It  also  follows  that  the  fluent  is  a  quantity  such 
that,  by  taking  its  increment  or  fluxion  according  to 
the  foregoing  principles,  you  obtain  the  given 
fluxional  expression.  Thus  if  we  have  to  integrate 
any  quantity  as  rr"*  d  a?,  we  divide  by  m  +  1,  and  in- 
crease the  exponent  by  unity,  and  erase  the  flux- 

ional  quantity.     So  that  — ^Hf    ^s    the    fluent   re- 
quired.    But  as  every  multiplication  of  any  two 
quantities  whatever  gives  a  finite  product^  and  every 
involution  a  finite  power^  while  we  can  only  divide 
so  as  to  obtain  a  finite  quotient,  or  extract  so  as  to 
obtain  a  finite  root,  where  the  dividend  or  the  power 
operated  upon  happen  to  be  a  perfect  product  or 
a  perfect  power ;  so  in  like  manner  we  can  only 
obtain  the  exact  fluent  or  integral  where  the  expres- 
sion submitted  to  us  is  a  complete  fluxion.     Thus^ 

X  d  X 
though  such  an  expression  as  isintegrabl^^ 

such  an  expression  as  — =rz=  is  not  integrable, 
for  want  of  the  x  in  the  numerator,  and  varioi^^ 
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ipproximatioiui  and  otlier  contrivancM  are  reiortad 
io  in  order  to  acconiplUb  or,  at  least,  approach  this 
objact,  of  which  the  methodi  of  series,  of  logarithms, 
iD(i  crircular  arcs  are  the  most  frequently  used. 
The  simplest  case  of  integration  by  series  may  be 
wderstood  in  eiiamples  like  the  last ;  for  if  the 
iquarc  root  be  extracted  by  a  series^  we  may  be 
ible  to  integrate  each  term,  and  so  by  the  sum  of 
the  integrals  to  approach  the  real  value  of  the  whole. 
From  the  doctrine  as  now  explained,  and  the 
orif^nsl  foundations  of  the  mi'thod  as  traced  above, 
it  follows  that  a  variety  of  the  moMt  imiiortant  jiro- 
blfinii  may  be  solved  with  ease  and  ci«rtainty,  which 
by  the  ancient  geometry  could  only  in  certain  cases, 
or  by  a  happy  accident,  \m  investigated.  Thus  the 
tin([ents  of  curves  may  be  foimd.     For  as  the  sub- 

PMxMN 

Uttigeut  S  r  :  P  M  : :  M  N  :  T  N,  SV  =  —  j^,j,  - 


s  A         r    <j        R 

yd  J'  ,  ,  . 

^  -T—,  and  so  the  |>cr|H5ndicular  may  always  b« 

,  PM«        y*dy 

**fawD,  for  the  subnormal  U  P  =  "^f^  =  J7^ 
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r=  -TT"*^.  Therefore  we  have  only  to  insert  the  oneof 

these  quantities  in  terms  of  the  other  from  the  equation 
between  xandy  (the  equation  to  the  curve),  and  we  get 
the  expression  for  the  subtangent  subnormal.  Thui 
in  the  common  parabola^  whose  equation  is  ^  s 

d  y  a  dy  a 

in  the  hyperbola,  whose  equation  is  x  y^a*,  it  (the 

subtangent)  is  —a?.     So  in  the  circle  ^ — U,  (thesub- 

d  X 

normal)  =  r  —  x(r  being  the  radius)  ;  all  which  we 
know  from  geometrical  demonstration  to  be  true.  • 
Next,  it  is  evident  that  when  a  quantity  increai* 
ing  has  attained  its  maximum,  it   can  have  tt^ 
further  increment;    or  when   decreasing    it  has 
attained  its  minimum,  it  can  have  no  further  de- 
crement ;    consequently  in  such  cases  the  fluxion 
of  the   quantity  is  equal  to   nothing.     Hence  & 
ready  solution  is  afforded    of   the    problems  rf 
maxima  and  minima.     Tims  would  we  know  the 
proportion  which  two  sides  of  a  rectangle  must  have 
to  each  other,  in  order  that,  their  sum  being  given, 
they  may  form  a  rectangle  containing  .the  greatest 
space  possible ;  the  fluxion  of  the  rectangle  must  be 
put  equal  to  nothing.  Thus  their  sum  being  =  o,  the 


quantities  are  x  and  a  —  x.  and  their  reciansrle  is 
ax—x*,  its  fluxion  a  dx—2  xdx,  and  this  beinor  put 

=  0,  we  have  ada:  =  2icdj-,  orjr=  -^'^  therefore 

the  figure  must  be  a  square.  So  would  we  know  the 
point  of  the  parabola  (6— j-)"=  o  (y—c)  where  the 
curve  comes  nearest  the  line  6,  the  ordinate  y  must 

be  a  minimum^  and  d  y  =:  0.     Now  y  =  ~ 


a 


2(b-x) 


+  c,  and  dyz=i x  —  dx,  which  being  put 


a 


=  0  gives  us  a:  =  6 ;  or,  at  the  extrenuty  of  the 
line  b,  the  curve  approaches  the  nearest ;  and  that 
whatever  be  its  parameter ;  for  a  has  vanished  from 
the  equation. 

Again,  we  have  seen  that  the  ultimate  ratio  of 
the  sum  of  all  the  rectangles  M  P,  P  Q,  contained 
by  the  ordinates  and  the  increments  of  the  abscissa 
to  the  curve's  area  A  P  M  is  that  of  equality;  or,  in 
other  words^  that  the  fluxion  of  a  curvilinear  area  is 
the  rectangle  contained  by  the  ordinate  and  the 
fluxion  of  the  abscissa,  or  yd  x,  the  fluent  of  this,  or 
the  sum  of  all  those  small  rectangles  being  equal  to 
the  area.  In  this  expression  then,  let  y  be  inserted 
in  terms  of  x,  and  the  integral  gives  the  area.   Thus 

in  the  parabola  y^zs/  a  x,  therefore  d  a?  >/a  a:  is  the 
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fluxion  of  the  area  and  its  fluent,  or  which  is  the 

same  thing,  the  fluent  of  — ?i — ?-  *  ^s  -  x  -^^  or 

a  o        a 

—  X  —     X   y*  that  is,  ~  X  y,  or  two-thirds  of  the 
3       a  3 

rectangle  of  the  co-ordinates>   as  we  know  fiom 

conic  sections. 

Next,  we  have  seen  that  the  ratio  of  the  infinitely 

small   rectilinear  sides   into  which   a  curve  line 

may  be  divided  (each  of  those  small  lines  being 

the  hypothenuse   of  a  right  angle  triangle,  the 

sides  of  which  are  the  fluxions  of  the  co-ordinates 

N  T,  or  M  N),  to  the  infinitely  small  portions  of  the 

curve  itself  is  that  of  equality ;  therefore  the  fluxion 

of  the  curve  is  equal  to  the  square  root  of  the  sum 

of  the  squares  of  the  fluxions  of  the  ordinate  and 

abscissa,  and  that  fluxion  is  equal  to  Vd  x*  +  dy** 

Hence  in  the  circle,  an  arc  whose  cosine  is  x  and 

r  d  X 
radius  r  is  equal  to  the  fluent  of  —  .   And  an 

arc  whose  cosine  is  r  —  rr,  is  equal  to  the  fluent  of 
r  d  X 


V  2  r  X  —  a?** 

Again,  because  solids  may  in  like  manner  be 
considered  as  composed  of  infinitely  thin  solids  or 
plates,  one  placed  upon  the  other,  their  fluxion  is 


area  o:  zns  s^iranxr  mLXjaiu^  ir 
axi?.     Tinir  "ifr  zstest  xr  arcr  •-/in 


t  te  s  t'lnLt*:.,  sail  "a^   iniirr^lrftLr.    .-    'j**-  r^.'.-.a 

* 


:  Hill  1   :ii»  iri»-   i    uraa^,    \  ^  ^»*nr  a     .-»--:- 
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curve,  that  is^  the  circle  touching  it  at  such  point, 
and  having  the  same  curvature  with  it  at  that  point, 

is  equal  to  — ^^ i — ?l2 —  ,   where  d  y  being 

found  in  terms  of  x,    the  fluxion  of  — ?:  is  to 

d  X 

be  taken,  so  that  there  will  in  the  result  in  each  case 

be  no  fluxions  at  all.  Thus  in  the  parabola  y" = 2  a  x. 


the  radius  of  curvature  is  =  ^  /  — lt_  x  (2aj+a). 

In  all  these  operations,  however,  it  must  be  ob-^ 
served,  that  as  constant  or  invariable  quantities  have 
no  fluxions,  so  when  we  reverse  the  operation  and  find 
fluents  from  given  fluxional  expressions,  we  never 
can  tell  whether  a  constant  must  not  be  added  in  order 
to  complete  that  quantity,  by  taking  whose  fluxion 
the  given  expression  was  originally  obtained.     The 
determining  of  this  constant  quantity,  and  the  finding 
whether  there  be  any  or  not,  depends  upon  the 
particular  conditions  of  each  problem.    It  is  always- 
added  as   a  matter  of  course.     Thus  when  w^ 
integrate  rf  a;  +  d  y,  we  cannot  tell  whether  this  quan — 
tity  arose  from  taking  the  fluxions  of  x  and  y  only  ^ 
or  from  taking  the  fluxion  of  ^r +  y  +  c,  and  it  mus.^ 
depend  upon  the  nature  of  the  question  whether    ^ 


FSOdTJC^ 


is  to  be  added  to  tite  finen*  xjrr  m:  tLui  f  \\,  t>e 
added^  how  it  shall  be  SKPsruinHsd. 

Having  explained  tbk  janyvraar.  up;  tivt  y'  ii^^ 
vestigation,  by  the  btSj  t/  viuct  ^♦-•"'ivi  ri« 
enabled  to  make  bk  grviti^^.  usuzutnssu^j^^:.  ^y^-w 
veries,  andbythepriucJ^uefc  xrwiuvx  ipi  uvitnnus\^^*,^ 
them  in  the  PriDcopa.  j::  tiuuv  r*axifciu*.  t^Iv^  p^v- 
ceedin«r  to  the  aawJTfat  of 'liiow:  xxibov-^^'i*?'  *.ixtt*  **<? 
should  remariiL  tbe  prrferCTj^  »ni*;t  iu*:  i^'v*-.*  *,v  Ui*: 
geometrical  meihcK>^  iirprvt^jt  ^ut  <tttKjn*ft  \v  xw 
purpose  by  the  dcftrrniie  ufjr-juj*:  <.ui  ur'-itwsv*:  nfiSft 
He  uses  this  docniiK'  «tmlatriL  yr'xu^iyx*:\\^  iiiiC  *Jiiir 
foundation  oC  tbi^  iKnuit'  inic  r^^ti^rt  ^^t^^viMn.  ^^'ut*^ 
we  hare  been  earaodsTJii^ :  titr  u*:  -uvn  u^/  ii  ^*' 
€<n{doy  that  cafealm. 


The  First  bac4^  'nTwr*  «f  *iL«»:  air/jwi  v^  vodi« 
^**hoiit  regard  t^  dfe  r»#Wl;&v.'*r  v'  r;ti»:  itrtriliv^j* 
**^^  fiDs  the  ^aee  ii  nii^i  ^juer  uivi  > :  v.ii-i  >.  !•♦ 

^^  orbits  drtcnniaed  It  ^jeirriv^jsJ  forwrt-  «2i4  t© 
^^^^minetheaajaciffirf  bcriSefe.  T^  S^xod  book 
^>at5  of  the  reEMaik!??  rf  Siad?  cid^T  as  ^iSKSias 
^He  modoBf  of  bcid^  ^isc  siore  is  tfaeoi.  The 
^(inidfaookccMMItaBs  the  apfficalioa  of  the  priDci^es 
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thus  established   to  the  motions^  attractions,  and 
figures  of  the  heavenly  bodies. 

I. 

The  fiindamental  proposition,  as  it  may  justly  be 

termed,  of  the  whole  system,  is  one  which  Newton's 
predecessors  may  be  said  to  have  nearly  reached; 
which  Kepler,  had  he  been  more  inclined  to  trust 
demonstration  than  empirical  observation,  certainly 
would  have  attained ;  and  which  Gralileo  would  most 
certainly  have  discovered  had  he  contemplated  the 
facts  discovered  by  Kepler,  particularly  his  second 
law* — it  is  this.     If  any  body  is  driven  by  any 
single  impulse  or  force  of  projection,  and  is  also 
drawn  by  another  force  so  as  to  revolve  round  a 
fixed  centre,  the  radius  vector,  or  line  drawn  from 
the  body  to  that  centre,  describes  areas  which  are 
in  the  same  fixed  plane,  and  are  always  proportional 
to  the  times  of  the  body's  motion ;  and  conversely, 
if  any  body  which  moves  in  any  curve  described  io 
a  plane  so  that  the  radius  vector  to  a  point  either 
fixed  or  moving  uniformly  in  a  straight  line,  de- 
scribes areas  proportional  to  the  times  of  the  body's 
motion,   thai  body   is  acted   on  by  a   centripetal 
force  tending  towards  and  drawing  it  to  the  point 

*  See  the  historical  notice  above  respecting  thie  lecoiid  Unr^ 
viz.,  that  the  planets  describe  aieas  proportional  to  the  timeB  l^* 
their  radii  vectoies. 
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Ho  prove  thin,  wo  have  to  curiMider  that  if  u  liody 
iioi'r«ii9qijiil>ly  on  in  u  Mtmight  linC|  tlio  fireuH  or 
riiin((leA  which  ar«  doMTibcd  by  a  line  drawn  from 
'  to  any  point  aro  i^ropotiional  to  i\u*  poriiotm  of 
bt  utraight  line  through  which  the  body  movoiv, 
hat  in,  to  the  time,  Mince  it  rnovoH  through  equal 
pictfi  in  equal  timoM,  because  fhom*  triangles,  having 
hi  iame  altitude,  are  to  one  anotiier  in  the  propor* 
ioof  of  tlieir  bafieN,  H  being  the  point  and  A  O 
he  lino  of  motion,  H  A  B  i^  to  S  H  cm  AB  ioBc, 

o 

// 

•'■•\  / 


"thru  at  B  n  ftm**?  aetn  in  the  lin«*  S  B,  drawing 
^  bwly  towHrdn  S,  it  will  move  in  the  diiigonal 
"Cof  a  pandleiogram  of  which  the  MidoM  are  B  r 
■M  B  V,  the  line  through  which  iiu*  deflecting  force 
•^otiM  make  it  move  if  tlie  motioncHUMi*d  l)y  tlie  other 
'wiceawd.  ('/?  therefore  in  paralhd  to  V  B.  and 
^h^triangle  S  B  (/  in  e/jnal  to  the  triengle  S  B  <? ;  con- 
*^i|uently  the  motion  tlirough  A  B  and  B  (),  or  the 
^i>n6i,  are  ait  the  two  triangles  8  A  B  and  SBC: 
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and  80  it  may  be  proved  if  the  force  acting  towards 
S  again  deflects  the  body  at  C^  making  it  move  in 
the  diagonal  C  D.  If,  now,  instead  of  this  deflecting 
force  acting  at  intervals  A,  B,  C,  it  acts  at  every 
instant,  the  intervals  of  time  l)ecoming  less  than  any 
assignable  time,  and  then  the  spaces  A  B,  B  C,  CD 
will  become  also  indefinitely  small  and  numerous,  and 
they  will  form  a  curve  line ;  and  the  straight  lines 
drawn  from  any  part  of  that  curve  to  S  will  describe 
curvilinear  areas,  as  the  body  moves  in  the  curve 
A  B  C  D,  those  areas  being  proportional  to  the 
times.     So  conversely,  if  the  triangles  S  B  c  and 
S  B  C  are  equal,  they  are  between  the  same  parallels, 
and  c  C  is  parallel  to  S  B,  and  "Dd  to  S  C ;  con- 
sequently the  force  which  deflects  acts  in  the  lines 
S  B  and  S  C,  or  towards  the  point  S.    It  is  equally 
manifest  that  the  direction  of  the  lines  Be,  Cdt 
from  which  the  centripetal  force  deflects  the  body^i* 
tliat  of  a  tangent  to  the  curve  which  the  body  describei» 
and  that  consequently  the  velocity  of  the  body  i»i^ 
any  given  point  proportional  to  the  perpendicular 
drawn  from  the  centre  to  the  tangent ;  the  areas  of 
the  triangles  whose  bases  are  equal,  being  iu  tb^ 
proportion  of  their  altitude,  that  is,  of  those  perpen- 
dicular and  those  areas  vary  by  the  proportioPt 
proportional  to  the  times. 


»9 

There  are  snrenl  other  ecxrollaries  to  thw  Im- 
portaDt  propoaticm  wbidi  deserre  partmilsir  atteS' 
tioiL  Inyfg-. 2,  Br  aiid  D^  are  lan^ixtb  U;  tbe 
cunre  at  B  and  D  ropecurelT,.  B  C  aud  I>  £  iii^ 
arcs  described  in  a  given  time;  Ct  and  lit  iin^ 
parallel  to  the  radii  TectDr»  S  B  and  B  1>  r«tipH> 


8 

lively^  and  C  V,  E  rf  to  tbe  tanj?*?!/*  t .  7*f ^^  <>5if*  i'ija^j^ 
forces  at  B  and  D  smst  ^  II  tjui»:  pf vj/vr.i^»t  v^  \' ); 
and  J  D(bdng  tbe  ati«er  ad^ft  rf*ij<t  >^40i'.^^«« 
of  foroes)  if  ifae  arc*  ar*  eTawjw>:ii*;  m/  ku  iv  v^;<i<,><l4? 
with  the  diagonals  </*Le  pstrtli^'i^^f  4t0*r  ^  ^;  vi/J  '/^. 
Henoe  the  ewrtripeLfci  ior'^-t  ;t  i^  itii'J  J>  vf*  i,,  ij^ 
Tersed  sines  of  the  e-.aii^rw:^?!!*  ^f<;c;  v-i*<J  ^i*i  >»4it*/>Ki- 
holds  true  if  in^te&d  vT'w  <:f<;t  iu  ^*>;  ir-iw^^i  4,v#  iv, 
we  take  two  arcf  is  cJiSrr *-:::*,  t;u*  *Jfj-i./>,f  <  vo*/,  ♦ 

halm  of  YB,  Di#;  jni  tu€  m  tU  ^mmp  >^V9'W*>»vi'  ^a%  a^ 
whole  ¥cned 

YOL.  II« 
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From  these  propositions  another  follows  plainly, 
and  its  consequences  are  most  extensive  and  im- 
portant. If  two  or  more  bodies  move  in  circular 
orbits  (or  trajectories)  with  an  equable  motion,  they 
are  retained  in  those  paths  by  forces  tending  towards 
the  centres  of  the  circles,  and  those  forces  are  in  the 
direct  proportion  of  the  squares  of  the  arcs  described 
in  a  given  time,  and  in  the  inverse  proportion  of 
the  radii  of  the  circles. 

First  of  all  it  is  plain,  by  the  fundamental  propo- 
sition, that  the  forces  tend  to  the  centres  S,  ^,  because 
the  sectors  A  S  B  and  PBS  being  as  the  arcs  A  B, 
B  P,  and  the  sectors  asb,bsp,  as  the  arcs  a  b, 
b  J),  which  arcs  being  all  as  the  times,  the  areas  are 
proportional  to  those  times  of  describing  them,  and 
therefore  S  cs  are  the  centres  of  the  deflecting  forces. 
Then,  drawing  the  tangents  A  C,  a  c,  and  completing 
the  parallelograms  D  C,  d  c,  the  diagonals  of  which 
coincide  with  the  evanescent  arcs  A  B,  ab,  we  have 
the  centripetal  forces  in  A  and  a,  as  the  versed  sines 
A  D,  ad.  But  because  A  B  P  and  abp  are  right  an- 
gles (by  the  property  of  the  circle),  the  triangles 
A  D  B,  APB,  and  adfj,  apb,  are   respectively 
similar  to  one  another.     Wherefore  AD  :  A B : : 

.  ^      *  A  B« 

A  B  :  A  P  and  A  D  =  a  p,  and  in  like  manner 
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S91 


M  i\ie  evmusnceni  arci  coiuckb  with 


Ah*      ,      ,           «// 
tk  a)ord4,  A  D  =  arc  -jtu  »«<! «  «  =  arc .  Noir 

tithit:  are  ttie  |;ro[>erlMi»  of  any  arc*  ddttfcriti^d  in 
*iful  iiifum;  and  thit  diam<H4tri(  are  in  the  |ir</por« 
tioo  of  llie  raiiii ;  tlufrefore  the  centri{M?tal  forces 
•«f  dir^^tly  aj>  the  w|ijare»  of  the  arc«,  and  iuvurmly 
«K  tiMf  radii. 

hi«  diflictilt  to  itria^iiMt  a  |)ro{iO)%ition  more  fruit* 
ful  ill  contM'<|tj<'fi«M'h  thafj  thi>« ;  and  therefore  it  ha« 
U»Ti  'l4^non«trated  with  axlequate  fuhK^v,  In  i\us 
jirti  itliwj*f  tlieare«'le»ierilMrd  heing  a«  the  viiUhMhu, 
if  y,  J*  art*  the  eentrijx'tal  i'ijn'j*ti,  an<l  V,  tf  th« 
ifilo'.'itiei',   .nA   H,  r  the  radii,  F  :  /  : :  V*  ;  i;*; 

«ii/l  aW>  ::  r  :  H,  or  F  :  y*: :  ■*    :  — .     Now    a« 

ia  t|««  cireli;  V  and   K,  /;  and  r  are  t^ith  eontifant 
^iiafititi««^  the  centri[M.4al  force  i»  iti^df  coniitant, 

o2 
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which  retains  a  body  by  deflecting  it  towards 
centre  of  the  circle. 

Secondly,  The  times  in  which  tlie  whole  cii 
are  described  (called  the  periodic  times)  are  as  lj 
total  circumferences  or  peripheries  ;  T  :  f : :  P 

but  the  peripherics  are  as  the  radii  or  : :  R  : 

P 

Therefore  T  :  ^  : :  R  :  r ;   also  V  :  r  : :  ^p  : 

therefore  Inversely  as  the  radii^  or  T  :  /  : :  ^  • 

R«     r2 
and  \'  :  v^  ::  tt^:   ^.    But  the  centripetal 

V     I* 
P  •  /'-  W  '  7"  >  substituting  for  the  ratio  of  V* : 

R*       r»  R 

its  equal  the    ratio  of  tj^  :   "77,  F  '/'-'-Tfi: 

or  the  centripetal  forces  are  directly  as  the  clisl 
and  inversely  as  the  squares  of  the  periodic  til 
the  forces  being  as  the  distances  if  the  times 
equal ;  and  the  times  being  equal  if  the  forces  ai 
the  distances.     It  also  follows  that  if  the  peri< 

R       r 

times  are  as  the  distances,  F  :  y : :  tt;  :  — ;  that  is 


1       1 


d 


'  •  R  '    "   ^^  inversely  as   the  distances.     In 

manner  if  the  periodic  times  are  in  proportion  to  jMV 
power  w,  of  the  distance,  or  T  :  ^  ;  :  R"  fjfSfe 
we  shall  have  T*  :  ^« : :  R' "  :  »^ "  and  P  r 
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l^tm'  y:'f  thai  m  : :  myji  •  3;~  #  awl  oonver»ely 

if  the  ^#'ritrij>i;tal  forci?  ifi  in  ih<$  inveritc  ratio  of  the 
(2n  ^  1  /^  priw<fr  of  t)i<;  dintariccs  the  periodic  time 
i%uH  lii<;  7/'*  jxiwcr  of  I  hat  ilintance.  Likewifio  u»  the 

t«'t>*'itk'*of  the  WJi<'»  in  their  orbitK  or  V  :  v  ::  77% 

:  7,  if  w«»  nisike  T  ;  £  ; :  R*   :  r*,  then  V  :  j;  : : 

R      r  11^ 

iP  '    ./  or  : ;  *jr«Ti :  ";;Ti.     71ju»i,    Kiippo«e    «    in 

''jual  to  .-^  wi*  have  for  the  velociticfi  V  :  v  ::  -^ 

1 

J  -^^  or  th'jy  an?  in  the  inverse  jjulduplicate  pro- 

portion  of  t he  diHt;in/'«j<t;  and  fortherimtriiwtal  forc#fi 

I  I         I        1 

tniu;tion  to  this  centre  in  invrfiely  ait  the  fK|niire  of 

the  dintan'-e.     Now  if  n  -n   •     'V  :  I ::  K^  ;  r^  or  1  ■ 

:  /*  :  :  K*  :  r*;  in  oth^-r  wttnln  tli<?  wrpnireii  of  the 
yurliA'u:  tirrif'*i  ;jre  an  th<7  ruh<*H  of  thfdiMann'fifrom 
the  r«'fitn%  wlijch  in  tin?  hiw  diw^/viTed  by  KepItT 
aiiiialiy  to  pr<'V2jil  in  flM;  ranr*  of  the  phinelM.  And 
a«  he  aiiu/  Nhowcd  that  tljcy  (hf^erihe  I'tpnil  arean  in 
rr|ual  time»  hy  their  railii  veetonii  drawn  to  theiiun^ 
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it  follows  from  the  fundamental  proposition^  firtitt 
that  they  are  deflected  from  the  tangents  of  their 
orbits  by  a  power  tending  towards  the  sun ;  and  then 

follows^  secondly,  from  this  last  deduction  respecting 

1        1 

it,  the  proportion  of  F :  / : :  t[;  :  —y,  that  this  central 

force  acts  inversely  as  the  squares  of  the  distance^ 
always  supposing  the  bodies  to  move  in  circular 
orbits,  to  which  our  demonstration  has  hitherto 
been  confined.'*' 

The  extension,  however,  of  the  same  important 
proposition  to  the  motion  of  bodies  in  other  curves 
is  easily  made,  that  is  to  the  motion  of  bodies  in 
different  parts  of  the  same  curve  or  of  curves  which 
are  similar.  For  in  evanescent  portions  of  the  same 
curve,  the  osculating  circle  or  circle  which  has  tha 
same  curvature  at  any  point  coincides  with  the  curve 
at  that  point ;  and  if  a  line  is  drawn  to  the  extremity 
of  that  circle's  diameter,  A  M  B  and  amb  may  be 
considered  as  triangles ;  and  as  they  are  right  angled 
at  Mandm,  AM'is equal toAPxAB  andam'to 
ap  X  ab\  and  where  the  curvature  is  the  same  as 
in  corresponding  points  of  similar  curves,  those 

*  We  shall  afterwards  show  from  other  considerations,  that  this 
sesquiplicate  proportion  only  holds  true  on  the  supposition  of  the 
bodies  all  moring  without  exerting  any  action  on  each  other,  when 

tome  to  consider  Lap1ace*s  theorems  on  elliptical  motion. 


I 
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But  another  important  corollary  is  also  derived 
from  the  same  proposition.  If  the  projectile 
or  tangential  force  in  the  direction  AT  cease^ 
the  body  instead  of  moving  in  any  arc  A  N,  is 
drawn  by  the  same  centripetal  force  in  the  straight 
line  A  S.  Let  A  n  be  the  part  of  A  S,  through 
which  the  body  falls  by  the  force  of  gravity^  in  the 
same  time  that  it  would  take  to  describe  the  arc  A  N. 
Let  A  M  be  the  infinitely  small  arc  described  in  an 
instant ;  and  A  P  its  versed  sine.  It  was  before 
shown,  in  the  corollaries  to  the  first  proposition, 
that  the  centripetal  force  in  A  is  as  A  P,  and  the 
body  would  move  by  that  force  through  A  P,  in  the 
same  time  in  which  it  describes  the  arc  A  M.  Now 
the  force  of  gravity  being  one  which  operates  like 
the  centripetal  force  at  every  instant,  and  uniformly 
accelerates  the  descending  body,  the  spaces  fallen 
through  will  be  as  the  squares  of  the  times.  There- 
fore, if  A  w  is  the  space  through  which  the  body 
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n«  in  iim  Mim«  iitnti  ihni  it  AimtriUHm  AKfAVm 
A  nMM  iim  M|Miir«  rif  ihe  iimi)  faki;n  to  fUfMcribe 
M  ti>  th«  nunnrts  iff  ihif  tim^  of  Attnryihtnfi  A  N« 
'  «•  A  M*  ;  A  N*,  thi?  mniUm  Wtun  uniUmn  in 
M!  eimilur  Arc,  Hut  A  M^  this  nii«M!;(mi  arc^  i« 
(mil  Up  iu  tiuml,  nud  AMI)  Witifi  u  right  arigkril 
iinfl«««wifll  a*  A  I'M,  A  »  ;  A  M  ; :  A  M  :  A  P 

A  M* 

wl  A  P  r=  *r''|p    HijbMitiitjMjf  thin  in  thi?  Umntr 

A  M* 

iwporti//n,  w#f  hav«  -^  pr  ;  A  w  ; ;  A  M* ;  A  N*/  or 

A  M* 
i«  ;  A  N'  ; ;  ^'jj-  ;  A  M*,  tliat  in  : ;   I  :  A  B. 

rW^<r/r«f  A  N'  tr=  A  «  X  A  B,  w  thif  arc  ^lifjwrriliwl, 
itm^^n  |/ro|>/irliorj;il  b<?tw#'<rn  tlif  <lfam<ft^r  of  th« 
ff;it«  ari/l  tfii?  <i|;;«/:4?  throij((li  whi/'h  th^  \itH\y  won  hi 
41  hy  gruuiy  tthtut*,  in  tli<$  tianttt  firm?  in  whi«4i  it 
mm\t*^  th«?  ar^f, 

N'r/w  iHt  A  M  N  B  r<'f/r#?M'rit  th«  orbit  of  tli« 
w/n ;  A  S  i\w  ar/i  'l<*>?/'rihwl  by  h^r  in  «  mirtuti*, 
I*'r  wtioh*  iU'ruulU*.  tinM?  i*  foiiml  to  }hi  *27  (hyn 

\nf*tr%  Httd  4'i  tfiuiiii(*p.,  or  'M,''/i'i  mittuUm;  iutn- 
Hn^My  A  N  ;  2  A  N  B  :  :  I   r  SO^Mrj, 

\//w  tli^?  wf^%%  i\\%\iiuiH*  of  t|j/f  ni'>^in  from  tJii'^'Jirtb 
al/z/tit  'J^;  *Ji;im«?ii'r*oftlMf  «'Jirtli,  an*!  t h<j <lia UMftirr 
^  Ii^r  orbit,  00  of  th/M« tYtHUwU'vn ;  ami  a  gr^at  drcfh; 

on 
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of  the  earth  being  about  131^630,572  feet,  the  cir- 
cumference of  the  moon's  orbit  must  be  60  times  that 
length,  or  7,897,834,320,  which  being  divided  by 
39,343  (the  number  of  minutes  in  her  periodic  time), 
gives   for  the  arc  A  N  described  in   one  minute 
200,743,  of  which  the  square   is  40,297,752,049 
(A  N*),  which  (by  the  proposition  last  demonstrated) 
being  divided  by  the  diameter  A  B  gives  A  n.  Butthe 
diameter  being  to  the  orbit  as  1 :  3.14159  nearly, 
it  is  equal  to  about  2,513,960,866.     Therefofe  An 
=  16.02958,  or  16  feet,  and  about  the  third  of  an 
inch.     But  the  force  which  deflects  the  moon  from 
the  tangent  of  her  orbit,  has  been  shown  to  act 
inversely  as  the  square  of  the  distance;  therefore 
she  would  move  60  x  60  times  the  same  space  in  a 
minute  at  the  surface  of  the  earth.     But  if  she 
moved  through  so  much  in  a  minute,  she  would  in 
a  second  move  through  so  much  less  in  the  pro- 
portion of  the  squares  of  those  two  times^  as  has 
been  before  shown.     Wherefore  she   would  in  a 
second    move    through    a    space  equal    to    16^ 
nearly  (16.02958).   But  it  is  fpUnd  by  experiments 
frequently  made,  and  amoug  others  by  that  of  the 
pendulum,*  that  a  body  falls  about  this  space  in 

*  It  is  found  that  a  pendulum  vibrating  secondt,  is  about  tha 
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one  Mcond  upon  thf  i^iirffico  of  the  i^arth.  ^fhere- 
fere  the  force  which  doflf*ctfi  the  mooti  from  the 
tangent  of  h«T  orbit,  in  of  the  name  amotint,  jind 
actff  in  the  mime  direction,  and  foUown  ihe  narne 
proportions  to  the  time  tiiai  gravity  d(M!«».  Hut  if 
the  moon  in  drawn  by  any  other  forct*,  nhe  mimt 
aliio  be  drawn  by  gravity ;  and  m  that  other  force 
makenher move townrdntAe  earth  10  feel  J  inch, and 
graf  ity  wotdd  make  her  move  n.n  much,  h(*r  motion 
woubl  therefore  be  32  feet  J  inch  in  a  second  at  the 
€arth*M  surface,  or  an  mtich  in  a  minute  in  her  orbit; 
Hid  her  velocity  in  birr  orbit  wouhl  therefore  be 
double  of  what  it  in,  or  the  hhiar  month  wotdd  ]m 
feM  than  13  days  and  10  hotirM.  It  is,  therefore, 
impoifiible  that  she  can  be  drawn  by  any  other 
forre,  except  her  gravity,  towards  tfie  earth  * 
Ht/eh  in  the  important  conclusion  to  whieh  we 

l«fth  of  3  Mtt  %\  IncfwM  in  t)ii«  ltt1itiMl« ;  And  tho  nytkCM  tbroiiKh 
vliicb  ft  Uody  f*lU  in  ftfrcund  i»  U»  hftlf  tbit  length  A»tb«  ii<|tiftff« 
•f  tb«  cireumf«ninc0  of  «  circUi  to  tbut  of  tbo  diamtfUr,  or  m 
f.M9dt  1,  nndtbftt  U  tbo  ]iri;]>ottiou  of  tbo  half  of  3  fvet  aj  tnch«f 
to  MUMWIiftt  mon  thnn  10  f«tt. 

*  Th«  |iro|M»«ttion  tnny  bi  (Umonitrttrd  lijr  tm^MM  of  tb«  Prop# 
XXXVI.  of  Jiook  I ,  M  w«n  fti  by  m«AUii  of  tbe  ]iro]H;iition  of 
vlllrh  w«  liftvt  now  Wfn  trAcIng  tb«  eoniii!(]tKrne(fii  (Prop.  IV). 
But  la  truth  th«  Ifttttr  tbnonmi  gifvi  n  con»triiction  of  tb«  formtr 
pfoliUfn  (Pro|».  XXXVI.;,  tnd  from  it  tntiy  b«  d«duc«d  both  thnt 
Fro|>.  XXXV. 
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are  led  from  this  proposition,  that  the  centripetal 
forces  are   as  the  squares  of  the   arcs  described 
directly,  and  as  the  distances  inversely.    The  great 
discovery  of  the  law  of  the  universe,  therefore,  is 
unfolded  in  the  very  beginning  of  the  Principia. 
But  the  rest  of  the  work  is  occupied  with  tracing 
the  various  consequences  of  that  law,  and  first  of  all 
in  treating  generally  of  •the   laws  of  curvilinear 
motion.     The  demonstration  of  the  moon's  deflec' 
tion  has  been  now  anticipated  and  expounded  from 
the  Third  Book,  where  it  is  treated  with  even  more 
than  the  author's  accustomed  conciseness.   But  there 
seemed  good  ground  for  this  anticipation,  inasmuch 
as  the  Scholium  to  the  Fourth  Proposition  refers  in 
general  terms  to  the  connexion  between  its  corolla- 
ries, and  the  Theory  of  Gravitation. 

The  versed  sine  of  the  half  of  any  evanescent  arc 
(or  sagitta  of  the  arc)  of  a  curve  in  which  a  body  re- 
volves, was  proved  to  be  as  the  centripetal  force,  and 
as  the  square  of  the  times ;  or  as  F  x  T*.  Therefore 
the  force  F  is  directly  as  the  versed  sine,  and  inversely 
as  the  square  of  the  time.  From  this  it  follows  that 
the  central  force  may  be  measured  in  several  ways. 
The  arc  being  Q  C,  we  are  to  measure  the  central 
force  in  its  middle  point  P.    Then  the  areas  being 
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I  litnef ;  twice  tlic  triangle  S  PQ,  or  Q  L  X 


S  P  i»  H*  T  in  lln!  luBt  i-xyrt'tut'ton ;  iind,  tlir'n-fure, 
Q  K  Iw-iiig  imrullfl  lu  l<  I',  thu  central  forcu  ut  P  w 

"tt:: — i"r;:.  ^"  if  S  V  hn  the  ijoriji'mlifiiikr 
Kftri  til"  tmi;rcnt  J' V,  l«tciiut<e  Pit  iiiid  tJio  itrc 
PQ,  evaiufieciil,  (.'Minciilc,  iMiec  the  lrian(;lti  S  P  Q 
iiRliiiil  to  N  V  X  Q  1*;  unci  ihi!  (-entnil  Tcirco  in  P 

y  » 

"••■ctt; FrT:i-     l-uHllv.if  tim  ri'volntion  Iw  in 

S  1'  X  Q  1  ■' 

I  rirclr,  or  in  u  curve  Ituviiif;  ut  P  tliu  tuutia  eurra- 

ture  with  a  eirctu  whow  chord  puwk»  from  that  |ioiiit 
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through  S  to  V,  then  the  measure  of  the  central 

force  will  be  "oyi — pv*     ^y  finding  the  value  of 
those  solids  in  any  given  curve,  we  can  determine 

» 

the  centripetal  force  in  terms  of  the  radius  vector 
S  P ;  that  is,  we  can  find  the  proportion  which  the 
force  must  bear  to  the  distance,  in  order  to  retain 
the  body  in  the  given  orbit  or  trajectory ;  and  con- 
versely, the  force  being  given,  we  can  determine 
the  trajectory's  form. 

This  proposition  then,  with  its  corollaries,  is  the 
foundation  of  all  the  doctrine  of  centripetal  forces, 
whether  direct  or  inverse,  that  is,  whether  we  regard 
the  method  of  finding,  from  the  given  orbit,  the  force 
and  its  proportion  to  the  distance,  or  the  method  of 
finding  the  orbit  from  the  given  force.  We  must, 
therefore,  state  it  more  in  detail,  and  in  the  analy- 
tical manner.  Sir  Isaac  Newton  having  delivered  it 
synthetically,  geometrically,  and  with  the  utmost 
brevity. 

It  may  be  reduced  to  five  kinds  of  formulae 

1.  If  the  central  force  in  two  similar  orbits  be 
called  F  and  f,  the  times  T  and  t,  the  versed  sines 

S      s 
of  half  the  arcs  S  and  ^,  then  P  :  /* : :  rp  :  77  and 

2S 
generally  P  is  as  -rrr* 

2.  But  draw  S  P  to  any  given  point  of  the 
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orbit  in  the  middle  of  an  infitiitisly  nmall  arc 
Q  C.  Let  T  P  touch  iho  ctirvu  in  V,  draw  the 
perpendicular  S  Y  from  iho  centre  of  forctm  S  to 
P  T  produced,  draw  fi  Q  infinitely  near  S  V,  and 
Q  R  parallel  to  S  P,  Q  O  and  R  0  parallc;!  to  the 
oo-ordinate»  8  M,  M  P.  Then  P  being  thn  middle 
of  the  arc,  twice  the  triangle  S  P  Q  ifi  proportional 
to  the  time  in  which  C  Q  is  deHcribod,    7*herefore 

Q  P  X   P  S  or  Q  li  X   P  S  irt  proportional  to 

CQ 

the  time ;  and  Q  R  in  the  verHcd  sine  of  — ^, 

„       8  ,  ,  Q  R 

therefore  V  aH  ttc  ))ecomefi  F  an  TTyT'  k1>«  '  ^^^^  '^ 

S\l  sz  X,  M  P=  y,  and  becauHo  the  Hiniihir  tri- 

aoglcM  Q  li  0  and  S  M  P  give  Q  R  =  ■■'    ^  rj — , 

and  liecaufie  A  M  being  thofirHt fluxion  of  S  M,  O Q 
is  its  second  fluxion  (nogutively),  therefore  Q  R  = 

'  Ji — ZiL  (tak(*n  with  rcfcr«-nci)  to  a  t  con- 

X 


•Unt),  and  F  in  bh  -.r (^I'^J^^'+JiL.    But  L Q« 
s  Q  I>*  -  L  r  ttiid  L  J'  i»  the  fluxion  of  S  I*  or 


V**  +  y*.     'i'hcrcforc  L  Q*  =  —;,t':^yi 

v*(  d*\                     -<!■*  'V^'  +  / 
*  V     yV   andFiMBB ^       -nr 
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But  as  the  fluxion  of  the  time  (L  Q  x  P  S)  may 
be  made  constant,  Q  R  will  represent  the  centripetal 
force;   and  that  force  itself  will  therefore  be  as 


—  — ^JlJLJlJ^,*  taken  with   reference  to  dt 

X 

constant. 

3.  The  rectangle  S  Y  x  Q  P  being  equal  to  Q  L 

y  dx  —  a?d  V 
X  S  P  and  S  Y  =  ^ •=^,  we  have  F  as 

QR QR  QR 

QR  QP*. 

4.  Because  P  =  ^-yi — q^  and  q-^  is  equal  to 

the  chord  P  V  of  the  circle,  which  has  the  same 

curvature  with   Q  P  O   in  P,  and  whose  centre 

is  K  (because  Q  P*  =  Q  R  x  P  V  by  the  nature 

of  the   circle  and    the  equaUty  of  the  evanescent 

QP"\ 
arc  Q  P  with  its  sine,  and  thus  P  V  =  q-tt-  1 

QR        1         ,  1 

therefore  r\  t>*  =  xTTt  and  F  is  as 


Q  p*  -  p  V  *"^  *    "  *^  S  Y*  x  P  v; 

*  Of  these  expressions,  although  I  have  sometimes  found  tbiS) 
which  was  first  giyen  by  Herrman,  serviceable,  I  generally  prefer 
the  two,  which  are  in  truth  one,  giyen  under  the  next  heads.    But 

the  expression  first  nvea  —         ^ s-  is  without  integratios 

an  usefol  one. 
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II  like  miinner  if  Um  vi*lo<;ily,  which  in  inversely  m 

V* 

H  V,  beealhNl  r,  V  w  im  jt^'.    Now  the  chord  of  tbo 

McuUtiri^f  circli9  U  to  Iwirf?  thn  ]mrimulku\Ar  HY 
u  th<?  fl«iiiion  of  H  P  to  the*  fluxion  (tt  the  p(*rpmKli« 
cuLvr ;  «ik1  culling  K  P  tho  radiiiM  voctor  r,  and  H  Y 

ii  %M   -F ,   \%\  \\\vim  formtiliR,  iiuh»titutinf(  for  f  and 

r  tiMsir  iralu4;«  in  tr*rm«i  of  x  afid  y,  wo  obtain  a  mean 
bf  Intimating  tint  iuxvi*  an  pro]Kirtion<;d  t/i  r^  which 

l>.  'i'h<f  U«t  artirii)  aflTordrt^  Y*r\M%\m^  the  moni 
oUi'/u*  m<Hhr><Iii  of  arriving  iil  ri;ntnil  fon^ii,  hoth 
difMrtly  and  inv<;riM'ly.  Although  the  f|fiantitii9f» 
Wf/frii!  iiivolvwl  and  «;mh;irni)()iing  in  the  aU/ve 
gnieral  «xi;reii4iion«i  for  all  rrijrvf'n,  vft  in  any  giren 
rtinrif  fhif  ftuWittitiona  ean  more  eauily  \m  rnaile. 
A«:lii<rf  re/fommi?ndatton  of  theti«««'xpreMiionii  iA^that 
tli^  involire  no  %^vii\M\  flifxlon^i,  nor  any  htit  sSwfxnX 
I^mernof  any  fluxions,  Kut.  it  xwa^  l;e  projwr  U>  add 
^\¥tf  formulaA  whieh  have  l^^^^^n  given,  and  </r»e  of 
tiii^'h,  at  hraM,  in  more  eonv«rniefitth»nany  oflhe  reM« 

iiiMf  rx|;reMi//n  f#/r  tlie  centrifugal  fore«i  Caml 
Oftf  w/trMrtirrMrti  irrrone#;ii«|y  given   for  tlM  centric 


I 
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petal)*  is  ,  *  being  the  length  of  the  cum 

2  R 

and  R  the  radius  of  curvature ;  this  gives  a  ready 
means  of  working  if  the  radius  is  known.  But 
its    general  expression   involves    second  fluxions, 

the   usual  formula  for  it   being    ,    .      ^fd y V 

^     \Txf 

dy 
consequently  we  must  first  find  t— =  X  (a  function 

of  a?),  and  then  there  are  only  first  fluxions. 
Another  for  this  radius  of  curvature  is 

.  y  and  this  is  used  by  Laplace ;  and 

another  is  -i — r,  which,  with  other  valuable  for- 
rfp] 

mulas,  is  to  be  obtained  from  Maclaurin's  Fluxions. 
But  the  formula  generally  ascribed  to  John  Ber- 
nouilli  (Mem.  Acad,  des  Sciences,  1710),  is,  per- 

haps,  the  most  elegant  of  any,  F  =  ^\ 

2.  p*  X  R 

and  this  results  from  substituting  2  R  for  its  value 
,  in  the  equation  to  F,  deduced  above  fix)m 


dp 


—     dp 


Newton's  formula,  namely^  F  == 

^  2pHr 

*  This  error  appears  to  have  arisen  from  taking  the  case  when 
the  radius  of  cunrature  and  radius  vector  coincide,  that  is,  the 
case  of  the  circle,  in  which  the  centrifugal  and  centripetal  focesf 
are  the  same. 
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But  the  proposition  in  lo  important,  that  it  may 
h$  well  to  prove  it,  and  to  fthow  that  it  in  alniOKt  in 
linns  involved  in  the  third  corollary  to  Prop,  VL 
Book  L  of   the  Priiicipia.      By   tliat    corollary 

1 

P  s;    a  A  (C  beinfi;  the  oitculating  circle's  chord 

thieb  passes  throu^i^h  the  centre  of  forces).     But 
drawing  S  Y,  the   perpendicular  to  the  tungcrit. 


isd  P  C   F   through  the   ci*ntro   of  the  circle, 
tnd  joining  V   F,  which   is,   thcr<?fore,  {larallel 

to  V  P,   we   have   V   I> :  I>  P  : :  S  Y:  S  P  r- 

C:2U::  p:r  and  C  = -^, which substil 

'  r 

T 

fcrC  in  the  al)ove  equation,  givi?»  F  =  o  pt .  ti* 

It  in  remarkable  that  tlie  (tircnmstancc 
mula  being  thus  involvtf'd  in  that  of  Sir  II 
seems  never  to  have  been  oliserved  by 
the  Philosophical  Transactions,  xxvL  } 
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monstration  of  it  much  more  roundabout^  and  as 
of  a  theorem  which  Demoivre  had  communicated  to 
him^  adding,  that  Demoivre  also  informed  him  (t 
Sir  Isaac  Newton  having  invented  a  similar  method 
before.  In  fact^  he  had  above  20  years  before  gives 
it  in  substance,  though  not  in  express  terms,  in  the 
Sixth  Proposition,  the  addition  of  two  lines  to  whidi 
at  once  would  have  led  to  this  formula*  But,  again, 
when  John  Bemouilli,  two  years  afterwards,  wrote 
his  letter  to  Herrman  (M^m,  Acad,  des  Scieoees, 
1710),  he  gives  it  as  his  own  discovery,  and  assuA 
it  has  generally  been  treated,  with  what  reason  tre 
have  just  seen.  He  is  at  much  pains  to  state,  p.  S29, 
that  he  had  sent  it  In  a  letter  to  Demoivre  in  Fe- 
bruary, 1706 ;  but  thePrincipia  had  been  published 
nineteen  years  before.  Herrman,  in  his  Phoronomia, 
erroneously  considers  the  expression  as  discovered 
by  Demoivre,  Grandi,  and  Bernouilli.  (Lib.  I 
Prop.  XXII.) 

In  all  these  cases  p  is  to  be  found  first,  and  the  ex* 
pression  for  it  (because,  p.  301,  T  P :  PM : :  T  S:  SY 

.^^     ydx-'xdy  y -N 

andTS=:2— ^^— 5i.andPT  =  ^V^/  +  d«'j 

X 

ydx-'xdy  ^       V 

isjp  =SY=^  ^=:  ^  =.    Also 

tJd'i^-\-dsii^      sjdy^  +  da^ 
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sog 


fsSPes^ar'  +  y'.    Then  the  radius  of  curvature 

» ^  d/ycdK  ('^ ^^^"« 3I '"  ^™'  "^ ^'  *"^ 
hifing  DO  fluxion  in  it  when  the  substitution  for  dy 
m  made.)    Therefore,  the  expression  for  tlie  centri- 

|Hd  fore  be«om«,!^Z±ZiiiiliSl5,mwlli»h. 

vbeo  y  and  £(  y  are  put  in  terms  of  x,  as  both  nume- 
latorand  denominator,  will  be  multiplied  by  da^, 
there  will  be  no  fluxion,  and  tlic  force  may  be 
found  in  tenns  of  the  radical*-that  is,  of  r, 
though  often  complicated  with  a?  also.  1 1  is  generally 
advisable,  having  the  equation  of  tlio  curve,  to  find 
f,  r,  and  H,  first  by  Homo  of  the  above  formula),  and 
then  substitute  tliosc  values,  or  djj  and  dr,  in  either  of 

the  exprcwions  for  F,  j-^^  or  -^j^^. 

To  take  an  example  in  the  parabola,  where  S 
being  the  focus,  and  O  S  =  ^/,  y*  z=:  4  a  x,  and 
T  M  :=  2  x,  and  p  =  YS  :^  tj  (a  -{'  x)  a\r  ^ 

81»  =  o  +  X.  aiid  II  =s  ^=  2(a  +  x).  ^^i 


■WK  law  ihnriuig  F  »  - 


^^•.B- 


1 


'V— 


w, because  4. Of 


4«v«  +  '.''~  ^-OS-SI--" 

ponmnn)  is  nmiauit.  invastlr  as  the  squs 

dir  dkoDny .  u>d  tiw  other  fennuU  F  =~t 

Again,  in  tlir  ellipse,  if  a  be  half  the  tians' 
aus,  and  b  the  ecceatricitv  Cor  distance  of  the 
fnut  the  eentre),  aod  r  tbe  radius  rector,  we  b 


the  same  result  j 
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r 
we  have  therefore  F  as 


2(a.«  +  «)ix  2(a+.)V£±5=:^^ 

1  1  ^ 

4o(a+ar)«  =  4.0S.SP"  °^' ^«*=*"^  4.0S(lh« 

parameter)  is  constant,  inversely  as  the  square  ot 

dp 

the  distance .  and  the  other  formula  P  =  ^i^dn^ 

gives  the  same  result  Tc^i- 

Again,  in  the  ellipse,  if  a  be  half  the  ti 
axis,  and  6  the  eccentricity  Tor  distance  of  the 
from  the  centre),  and  r  the  radius  vector,  we  haivj 


anda /?= 

therefore  the  formula  ^   ,-,     becomes 

a  cZr  a 

=  -r-i,  or  the  force  is  invei 


as  the  square  of  the  distance. 

Lastly,  as  the  equations  are  the  same  for 
hyperbola,  with  only  the  difference  of  the  signs, 
value  of  the  force  is  also  inversely  as  r*,  or 

*  This  result  coincides  with  the  synthetical  folution  of  Sir  1 
Newton  in  Prop.  XIII. 
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square  of  the  distance.     In  the  circle  6  :=  0  and 

a  =  the  radius  =  r  =  p;  hence  the  force  is  as-n"* 

which  being  constant^  the  force  is  everynrhere  the 
same.    But  if  the  centre  of  forces  is  not  that  of  the 

circle^  but  a  point  in  the  circumference,  the  force  is 

1 
as^. 

Respecting  centrifugal  forces  it  may  be  enough 
to  add,  that  if  u  is  the  velocity  and  r  the  radius, 

the  centrifugal  force  f,  in  3,  circle,  is  as  —^     Also 

if  R  be   the  radius  of  curvature,   and  f  for  any 

curve  is  =  —    When  a  '  body  moves  in  a  circle 
R  ^ 

by  a    centripetal   force    directed   to   the   centre, 

the  centrifugal  force    is  equal  and   opposite    to 

the   centripetal.     Also   the    velocity    in   uniform 

motion,  like  that  in  a  circle,  being  as  j ,  the    space 

divided  by  the  time,  and  the  arc  being  as  the  radius  r, 

/  is  as  — -z  or  as  zT-     If  two  bodies  movinor  in  dif- 
r.  r  r  ° 

*^fent  circles  have  the  same  centrifugal  force,  then 
^^  times  are  as  Jr.  It  is  to  the  justly  celebrated 
"^ygens  that  we  owe  the  first  investigation  of  cen- 
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trifugal  forces.     The  above  propositions,  except  the 
second,  are  abridged  from  his  treatise.'*' 

The  rest  of  the  investigation  of  centripetal  forccB 
is  an  expansion  of  the  formulas  above  given,  and 
their  application  to  various  cases,  but  chiefly  to 
the  conic  sections.     It  may  be  divided  into  four 
branches.     Firsts  the  rules   are  given  for  deter- 
mining the  central  force  required  to  make  the  body 
move  in  a  given  orbit  of  one  of  the  four  conic 
sections.     Secondly,  the  inquiry  becomes  material 
how  curves  of  a  given  kind,  namely,  the  conic  sec- 
tions, may  severally  be  found  by  merely  ascertaining 
certain  points  in  them,  or  certain  lines  which  they 
touch,  because  this  enables  us  to  ascertain,  among 
other  things,  the  whole  of  a  planet's  orbit,  from  as- 
certaining certain  points  by  actual  observation.  This 
branch  of  the  subject  is  purely  'mathematical,  con- 
sisting of  the  rules  for  drawing  those  curves  through 
given  points,  or  between,  or  touching  given  straight 
lines ;  and  it  is  subdivided  into  two  heads  according 
as  one  or  neither  focus  is  given.     The  third  object 
is  to  ascertain  the  motion,  place,  and  time  of  bodies 
moving  in  given  trajectories  generally ;  and,  among 
others,  also  of  bodies  descending,  or  retarded  in 
ascending,  by  gravity.     The  fourth  branch  treats 
•  Horologium  Oscillatorium,  Ed.  1673,  p.  159,  App. 
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of  the  convene  inquiry  into  the  figures  of  the  tra* 
jectories,  and  the  placesi  times^  and  motion,  when 
the  nature  of  the  centripetal  force  is  known. 

It  is  thus  manifest  that  the  great  importance  of 
motion  in  the  Conic  Sections  made  Sir  Isaac 
Newton  consider  those  curves  in  particular,  before 
discussing  tlie  general  subject  of  trajectories. 


i.  In  exemplifying  the  use  of  the  formulas  we 
have  shown  the  proportion  of  the  force  to  the 
distance  in  the  conic  sections  generally,  their 
ibci  being  the  centres  of  forces.  Let  us  now  see 
more  in  detail  what  the  proportion  is  for  the 
circle.  If  S  is  the  centre  of  forces  and  K  of  the 
circle,  PT  a  tangent,  SY  a  perpendicular  to  it, 
K  M  and  M  P  co-ordinates,  S  K  =r  6,  K  O  =  ff, 
P  M  =  y,  and  M  K  =  .r.  7'hen,  by  similar  tri- 
angles, T  K  P  and  T  S  Y,  we  have  S  Y  = 

VOL.  II.  V 
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— ~- —  or  (because  the  sub-tangent  M  T  =  ?L 


and  a«  =  a:«4  y^)  — ^—  or  {       ^^       ); 


also 


S  P=  ^  a*  +  2  6  a?  +  6*,  and  because  by  the  property 
of  the  ch-cle  OSxS  Bor(a  +  6)  (a-6)  r^a^^b^ 

=:  PS  X  S V;  therefore  S  V  =  «  -  *' 


andPV  = 


2  a«  +  2  6  a: 


iJa^-{-2bx  +&■ 

Now  by  the  formula  already  stated  as  Ber- 
nouilli's^  but  really  Sir  Isaac  Newton's^  the  c^tri- 

SP 
petal  force  in  P  is  as  q  g  ys — S>  K.  being  thera* 

dius  of  curvature^  and  in  the  circle  that  is  con- 
stant  being  =  a,  the  semi-diameter ;  therefore  the 


^a*+  2bx+  b* 
for<^^i^^2^a'  +  2bxr 

8a» 


4a*yiJa'+2bx+b^  ,.    ,.     BO*  x  SP 

or  as  ^ . -i- — :  that  is  /o  «  .  oi>   \V» 

{2a*  +  2bxy       '  {2a^+2bxy 

B0«  X  SP» 


or  as 


{2a*  +  2bxy  xSP«» 


Sli 


2a«  +  26ar 


=  VY.    JhtnSoiee  du^ 


BO« 
tral force  isaspy, gpi^orOweaaKOB^weiMi^ 

stent)  the  cential  force  is  inren^lj  m  the  Mftsa^  id 
the  distance  and  the  cube  of  the  dwcd  jmdy.  OC 
consequence,  where  S  is  in  the  eetftDe  4if  tlw  eirHt 
6  =  0,  the  foree  k  constant,  the  tfzynjmmk  lu^ 


comiDg  -^^ ;  sumI  if  S  k  IB  the  ^irgwarfinwn  4# 
tbe  circle  as  at  B,  or  a  =  6^  rbeft  the  «KfR«i»ia 

'^^ttmiing T,  M*t  the  ^n^f^A  m^ 

radius  vector  eoincitfisi^  the  ture^  »  iuti^m^  m 
the  fifth  power  of  the  disCadMstv  ^od  it  4j«v  AU»«fMjr 

5 
as  the  2P<>^cTofthee(MM;<^tiM:  w^  f^^O. 

By  a  similar  proon»  it  k  liiiuwif  ^Jm^  a>  <«t  ^s^miIe 
lie  force  directed  to  the  ttaofx^  m  «t  tuc  iUtfUtM^. 
[ndeed,  a  property  of  the  «U^imp  Msu(iM£  tii«  ^icW 
ery  easy.    For  if  S  Y  m  iii€  fnptyiMl^^cMfi^  Mf  tut 
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tangent  T  P,  and  N  P  (the  normal)  parallel  to 
S  Y^  and  S  A  the  conjugate  axb ;  S  A  is  a  mean 


proportional  between  SY  and  PN,  and  therefore 

AS« 
S Y  =  pjT-,   also  the  radius  of  curvature  of  the 

ellipse  is  (like  that  of  all  conic  sections)  equal  to 

4PN3 

— p[— ,  P  being  the  parameter.    Therefore  we  have 

to  subst  itute  these  values  for  S  Y  and  the  radius  of 
curvature,  R,  in  the  expression  for  the  central  force, 
SP  SP 


2R  X  SY^ 


and  we  have 


2j<^4.PN'      AS« 
P*  ^PW* 


=  g^y  X  S  P,  therefore,  neglecting  the  constant 

p, 

g^gg>  the  centripetal  force  is  as  the  distance 

directly. 

Prom  hence  it  follows,  conversely,  that  if  the 


f*-!^ 
•-»-• 


ceDtiipetal  iuroe  '»  <s  'ne  df«aii-j€:   t^   ^.r^*:-    « 

dHptJcal  or  csmuar :  aor  in-  p^rersiiif  tu*    f-*!*  ti' 

the  la^  demmarraJiiL  fc*  arm*  ar  i-:    *-.-,-a:-:it 

to  the  &lip»t  z  vr.  JL  L-sae  of  lii^  ".^n  t   sa^     ^^^r:^ 

equal,  to  the  circk:.     }'   «i«:-t   iuljxi^^  li;^   :    «h<ms 

rwdfe  23  cmuar   w   ?:Imni»L   tr-^Tx  r,  jlx  '.i^ 

suae  ceaitpe.  tie  ceinr*:    ir  ^i**-  i^ir*?    i^::^    ":>' 

eratre    cf    inroeE.    airt  -ai?*  iirt*    wmij^'    <s.      '.i»- 

j^stance,  xztt  yerjuin  ~.jzx*t   u:  <J,  ::i<t  Vi/:>^    i^J 

be  the  san^CL  £ii£  "i^  ^pir.-**  izrrji^.  ^ins#^:    ti^t* 

Bore,  Lcrversr  diE?3nx  Hffl-  ^aiei   w'::>r    r...    ^ 

be  Aess^Xfi  ii.  t^it  ^azxH:  -.aut     Tu«-    vrr^\»'  •  ^i^j 

which    SOKKQZZKS   ias   aiip:^:^     !:^rv^  «-.*'^     ^ 

those  who  £d  ufr  si&!:«en:i:-«  retKC  v:.  :>  *  ^,»^ 

is  quite  eriden:  fmtL  *^jii zi-u^^r^jr    -..-^i    •>    i^..^ 

and  TeloctT  'igaast  Jir:r«*«n  n    *r;/;/;/<j^      ,   •> 

coneeBtxse  £^«<»  v-ii^  n.  mhi^  s/stn/^^v:  ^jx.-  \w 
ahvim  the  aoxK;,  *x  tiK:  rtcdi.  :i*f  «<2/jf  tii  4*1*  ^^  ^^.i 
<'dier  as  thott  ricdL-  sait  vjh^stj «<"«•::•  ti^  .-'*'>^.  . 
rfthe  vhc«e  2iiiDw^*5wnr  «  jo*:?*sfc*r-c  j:  *r>  o*^*., 
proportaoB  »xi  ^ait  inA<v«:  iuy-.<t  .u-i-jj^-,  >itc-^> 
the  times  tai£«L  itr  ve-'hnii.-ii^  ti^  r  i^^>  r.^^^-^. 
most  be  ti^  Ksxut.  7'iiuf.  i'  "•  ixo'.  <  «.:«  \i*  ..v^ 
cities^  R  asd  r  tii^  2a&tii.  \  ^aui  <  unt  ii^^  imi^^y^A 
in  die  times  T  wic  f,  17  ^»^  toitf"^  w<Uy  <Vi«ii>(,  « 
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common  centre,  V  :  r  : :  R :  r,  and  S  : « : :  R :  r; 

and  because  V  =  — -  and  r  =  -f.  --  :   1-  : :  R:  r, 

T  t'T      t 

aadS:^:  :TR:  ^r;  or  R:  r ::  T  R:^  r;  aad 
therefore  T  s  /.  Hence  if  gravity  were  the 
towards  the  sun  that  it  is  between  the  sur&oe 
centre  of  each  planet,  or  if  the  sun  were  movad 
but  a  very  little  to  one  side,  so  as  to  be  in  the  cenbe 
of  the  ellipse^  the  whole  planets  would  revolve  ravai 
him  in  the  same  time,  and  Saturn  and  Uranus  wodUl 
like  Mercury,  complete  their  vast  courses  in  aboil 
three  of  our  lunar  months  instead  of  30  andSOyean^ 
—a  velocity  in  the  case  of  Uranus  equal  to  75iij000 
miles  in  a  second,  or  nearly  one-third  that  of 
light. 

It  also  follows  from  this  proposition  that»  if  smIi 
a  law  of  attraction  prevailed,  all  bodies  deseenduig 
in  a  straight  line  to  the  centre  would  reach  it  M 
the  same  time  from  whatever  distance  they  fA 
because  the  elliptic  orbit  being  indefinitely  stretdied 
out  in  length  and  narrowed  till  it  became  a 
straight  line,  bodies  would  move  or  vibrate  in  equal 
times  through  that  line.  This  is  the  law  of  gravity 
at  all  points  within  the  earth's  surface,  and  Sir  L 
Newton  has  adapted  one  of  his  investigations  to  it, 
when  treating  of  the  pendulum. 
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Another  ooniequence  of  this  proposition  is>  that 
if  the  centre  of  the  ellipse  be  supposed  to  be  re- 
moved to  an  infinite  distance,  and  the  figure  to 
become  a  parabola^  the  centripetal  force  being 
directed  to  a  point  infinitely  remote,  becomes  con- 
stant and  equable;  a  proposition  discovered  first 
by  Galileo. 

Sir  Isaac  Newton  having  treated  of  the  centripetal 
force  in  conic  sections,  where  the  centre  of  forces  is 
the  centre  of  the  figure,  (and  generally  whatever  be 
the  centre  in  the  case  of  the  circle,)  proceeds  to  treat 
of  that  force  where  it  is  directed  towards  the  focus  of 
one  or  other  of  those  curves,  and  not  to  the  centre. 
It  is  easy  to  demonstrate  a  compendious  theorem, 
that  which  forms  the  subject  of  his  three  first  pro- 
positions, in  which  he  determines  the  law  of  the  force 
Imt  the  three  curves  (parabola,  hyperbola,  and  el- 
lipse) severally*  For  this  purpose  a  simple  reference 
to  the  formulsD  already  stated  will  sufiice ;  indeed  our 
illustration  of  those  formulae  has  already  anticipated 
this. 

If  O  P  A  be  a  conic  section  whose  parameter 
is  D,  S  Y  the  perpendicular  to  the  tangent 
T  P,  P  R  the  radius  of  curvature  at  P;  then 
8Y:SP::  i  D   :    PN   (the  normal),  and 
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D.SP  _        4PN*      ,    . 

S  Y  =  2PN  »  ^^^^  P  R  =       jy    ;  substitute 

these  values  of  S  Y  and  PR  (p  and  R)  in  the 


expression  formerly    given  for   the  central  force 

SP 

o    /    »  >  and  we  have  2  I>.  S  ?•        4  P  N*  or 


1 


~,  which  is  (D  being  invariable)  the  in- 


D  xSP 

verse  square  of  the  distance.  Therefore  any  body 
moving  in  any  of  the  conic  sections  by  a  force 
directed  to  the  focus^  is  attracted  by  a  centripetal 
force  inversely  as  the  square  of  the  distance  from 
that  focus.  This  demonstration^  therefore,  is  quite 
general  in  its  application  to  all  the  conic  sections. 

It   follows  that    if    a  body  is  impelled  in  a 
straight  line  with  any  velocity  whatever,  from  aa 


lljTtir    "I-    r 
P.     lOiL    -.Z~. 

IT.  ?  >'     ^ 


«  —    ■^■" 


:*  HSntt  iJZ^l  --?^  — i.'::t-  : 

>  tilt  !nim!  --^^-■.--«   i"-*-!-^-. 
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an  equation  to  the  co-onUnates.  Now  whether 
this  be  resolvable  or  not»  it  proves  that'  only 
one  description  of  eurves,  of  one  order,  can  be 
such  as  to  have  the  property  in  question.  The 
former  operation  of  going  back  from  the  expreasiQii 
of  the  central  force,  proves  that  the  conic  sections 
answer  this  condition.  Therefore  no  other  curves 
can  be  the  trajectories  of  bodies  moving  by  a  cen- 
tripetal force  inversely  as  the  square  of  the  distance.* 
It  may  be  remarked  that  J.  Bemouilli  objects 
(M^m.  Acad,  des  Sciences,  1710)  to  Sir  Isaac 
Newton  that  he  had  assumed  the  truth  of  this  im- 
portant proposition  without  any  demonstration. 
But  this  is  not  correct.  He  certainly  gives  a  very 
concise  and  compendious  one ;  but  he  states  dis- 
tinctly that  the  focus  and  point  of  contact  being 
given,  and  the  tangent  given  in  position,  a  come 
section  may  be  described  which  shall  at  that  point 
of  contact  have  a  given  curvature ;  that  the  cu^ 
vature  is  given  from  the  velocity  and  central  force 
being  given;  and  that  two  orbits  touching  each 
other  with  the  same  centripetal  force  and  velocity 

*  The  equation  may  be  resolved  and  integrated ;  there  lesolt^io 

^ydy 

the  firtt  instance,  the  eqoation  rf  a?  as     ,^      _    ==  *  and  there- 

n2c y*  —'  D* 

fore  the  fluent  is  this  quadratic,  c*  j?*  s  2  c  y'^D'  +  C. 
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muot  be  dewribed.  ThU  it  in  subitanee  what 
w»  have  expounded  in  the  above  demoDttration. 
But  k  mutt  alto  be  obeerved,  as  Laplaoe  has  ro- 
ttarked*  that  Newton  has  in  a  subsequent  problem 
diewD  how  to  find  the  curve  in  which  a  body  must 
Bove  with  a  given  velocity,  initial  direction^  and 
peiitiou ;  and  since,  when  the  centripetal  force  in 
inversely  as  the  square  of  the  distance,  the  curve  is 
ihowa  to  be  one  or  otlier  of  the  conic  sections,  lie 
bas  tlius  demonstrated  tlie  proposition  in  question; 
se  that  if  he  had  not  done  so  in  Uio  corollary  to  one 
problem,  he  has  in  tlie  solution  of  anotlier.* 

J.  Bernouilli  objects  also  to  a  very  concise  and 
elegant  solution  of  the  inverse  problem  given  by 
Herman  in  the  same  volume  of  tho  M^moires,  and 
vbicli  hud  been  communicated  to  him  before  it  was 
presented  to  the  Academy.  Thin  sohiiion  proceedn 
upon  his  general  expression  for  the  centripetal  force  of 


— —  ^x"  +  y" ;  and  the  objection  made  is  that  ho 

works  the  problem  (as  lie  does  in  a  few  lines)  by 
multiplications  and  divisions  which  sliow  that  ho 

*  9y ftciiM  du  Mondt,  Hv.  f .  chap.  5.  It  ii  to  be  oUMrvtti,  that 
tU8«v«iilf«n1h  Prop.  Book  I.,  ii  cMctly  the  Mine  in  the  firtt  m  in 
tki  tubMNiuont  editione,  except  the  immattrial  addition  of  a  few 
Uaae  to  the  demonvtratioo.  C()iiMquentlj,  Bernouilli  mutt  have 
been  aware  of  ii  when  he  wrote  in  1710. 
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was  previously  aware  of  the  solution  in  the  ease  of 
the  conic  sections.  But  this  is  no  objection  to  a 
solution  which  being  of  a  problem  already  known, 
can  only  be  regarded  as  a  demonstration  that  the 
former  solution  was  exact.  It  is  an  objection  wfaidii 
if  valid,  applies  certainly  to  the  demonstration  which 
we  have  just  given  of  the  proposition;  but  so  it  does 
to  all  the  demonstrations  of  the  ancient  geometrical 
analysis.  It  is  a  more  substantial  objection  that 
Herrmaii  omitted  a  constant  in  his  integration;  but 
by  adding  it,  Bemouilli  shows  that  the  equation 
which  Herrman  found,  when  thus  corrected,  ex- 
presses the  conic  sections  generally. 

This  truth,  therefore,  of  the  necessary  connexion 
between  motion  in  a  conic  section  and  a  centri- 
petal force  inversely  as  the  square  of  the  distance 
from  the  focus,  is  fully  established  by  rigorous  de- 
monstration of  various  kinds. 

If  we  now  compare  the  motion  of  different  bo- 
dies in  concentric  orbits  of  the  same  conic  sections, 
we  shall  find  that  their  motion,  the  areas  which 
their  radii  vectores  describe  round  the  same  focus, 
are  to  one  another  in  the  subduplicate  ratio  of  the 
parameters  of  those  curves.  From  this  it  follows, 
that  in  the  ellipse  whose  conjugate  axis  is  a  mean 
proportional  between  its  transverse  axis  and  para* 
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SMier^  the  whole  time  taken  to  revolve  (or  the  pe« 
riodic  time)  being  in  the  proportion  of  tlio  area  (that 
if  in  the  proportion  of  the  rectangle  of  the  axes)  in- 
versely^  and  in  the  iiubdupUcate  ratio  of  the  para- 
meter directly,  is  in  the  tesquiplicato  ratio  of  the 
transverse  axis,  and  equal  to  the  periodic  time  in  a 
eirde  whose  diameter  is  that  axis.  It  in  also  eaHy 
to  show  from  the  formula  already  given  respecting 
the  perpendicular  to  the  tangent,  that  the  veloci- 
ties of  bodies  moving  in  similar  conic  sections 
round  the  same  focusi  are  in  the  compound  ratio  of 
the  perpendicularH  invcrHcly  and  the  M]uare  roots  of 
the  parameters*  directly.  Hence  in  the  parabola 
a  very  simple  expression  obtains  for  the  velocity. 
For  the  square  of  the  perp<*ndiculur  being  as  tlie 
distance  from  the  focus  by  the  nature  of  the  curve, 
(the  former  being  a*  +  ax,  and  the  latter  a  +  x), 
the  velocity  is  inversely  as  the  sc^uare  root  of  that 
distance.  In  the  ellipse  and  hyperbola  where  the 
square  of  the  {lerpendicular  varies  diderently  in 
proportion  to  the  distuncei  tho  law  of  the  velocity 
varies  diflerently  uIho.  The  square  of  the  peri>en- 
dicular  in  the  ellipse  (A  bein^  the  transverhe  axis 
and  B  the  conjugate,  and  r  the  radius  vector)  is 

*  By  parameter  it  alwayi  to  b«  understood,  utileei  otherwits 
aentumtfd,  the  principal  parameteri  or  tlie  parameter  to  the  prin- 
cipal diameter* 
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B"  X  r     .       ^  .  B»  X  r 

^_y  ;    m    the  hyperbola,    ^         ,    or    those 

squares  of  the  perpendicular  vary  as  -r and 

T 

A  ,  y>  iii  those  curves  respectively^  B*  being  con- 
stant. Hence  the  velocities  of  bodies  moving  in  the 
former  curve  vary  in  a  greater  ratio  than  that  of  the 

inverse  subduplicate  of  the  distance,  or  -7=:,  and 

NT 

in  a  smaller  ratio  in  the  latter  curve,  while  in  the  pa- 
rabola -7^  is  their  exact  measure. 

NT 

To  these  useful  propositions,  Demoivre  added  a 
theorem  of  great  beauty  and  simplicity  respecting 
motion  in  the  ellipse.  The  velocity  in  any  point  P 
is  to  the  velocity  in  T,  the  point  where  the  conjugate 
axis  cuts  the  curve,  as  the  square  root  of  the  line 
joining  the  former  point  P  and  the  more  distant 
focus,  is  to  the  square  root  of  the  line  joining  P 
and  the  nearer  focus.  It  follows  from  these  pro- 
positions that  in  the  ellipse,  the  conjugate  axis 
being  a  mean  proportional  between  the  transverse 
and  the  parameter,  and  the  periodic  time  being  as 
the  area,  that  is  as  the  rectangle  of  the  axes 
directly,  and  the  square  root  of  the  parameter 
inversely,  t  being  that  time,  a  and  h  the  axes,  and 


mircinA.  987 

ab 
p the  ptranifter,  t  =  -7^,  and  &•  =:  ap;   there- 

fMte  tf  6  es  a  Vop  =5  V^  X  Vp ;  and  t  =  V5^,  and 
f  so*;  or  the  ik}uare»  of  the  periodic  timet  are 
••  the  cube*  of  the  mean  divtanceH.  So  that  all 
K/epler*!!  three  Utwf  hare  noir  been  demonttrated^ 
A  pricrit  ae  mathematical  tnithe ;  the  areaii  pro- 
portional to  the  tinuM,  if  ttie  force  i»  centrii>etal, 
and  the  elliptical  orl>it  and  »eiK|iiiplicate  ratio  of 
the  times  and  dintancei,  if  the  force  it  inversely  as 
the  squares  of  the  distances,  or  in  other  words  if 
the  iofVM  is  gravity. 

Again,  if  we  have  the  velocity  in  a  given  point, 
the  law  of  tlie  centrii)etal  force,  the  absolute 
qutntity  of  that  force  in  the  point,  and  the  direc- 
tion of  the  projectile  or  centrifugal  force,  we 
eto  find  tlie  orbit,  Tlie  volocity  in  the  conic  section 
bfiugto  that  in  a  circle  at  the  given  distance  D,  as 
m  to  n,  and  the  perp^ndictilar  t>o  the  tangent  being 

2  w  V 
p,  tlie   lossi^r  axis  will  be  -7— -rrimzr-,  and  the 

V2  n*  —  m* 

2  I)  n* 
pSiter  axis  ^r^i ;,  the  signs  being  reversi?d  in 

^  denominator  of  aiuh  quantity  for  Uie  caix^  of 
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the  hyperbola.  Hence  the  very  important  con- 
clusion that  the  length  of  the  greater  axis  does  not 
depend  at  all  upon  the  direction  of  the  tangential 
or  projectile  force,  but  only  upon  its  quantity, 
the  direction  influencing  the  length  of  the  lesser 
axis  alone. 

Lastly f  it  may  be  observed,  that  as  these  latter 
propositions  give  a  measure  of  the  velocity  in  terms 
of  the  radius  vector  and  perpendicular  to  the  tan- 
gent for  each  of  the  conic  sections,  we  are  enabled 
by  knowing  that  velocity  in  any  given  case  where 
the  centripetal  force  is  inversely  as  the  square  of 
the  distance,  and  the  absolute  amount  of  that  force 
is  given,  as  well  as  the  direction  of  the  projectile 
force  and  the  point  of  the  projection,  to  determine 
the  parameters  and  foci  of  the  curve,  and  also 
which  of  the  conic  sections  is  the  one  described 
with  that  force.  For  it  will  be  a  parabola,  an  hy- 
perbola, or  an  ellipse,  according  as  the  expression 
obtained  for  jo*  (the  square  of  the  perpendicular  to 
the  tangent)  is  as  the  radius  vector,  or  in  a  greater 
proportion,  or  in  a  less  proportion.  This  is  the 
problem  above  referred  to,  which  John  Bernouilli 
had  entirely  overlooked,  when  he  charged  Sir  Isaac 
Newton  with  having  left  unproved  the  important 
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theorem  respecting  motion  in  a  conic  section,  which 
is  clearly  involved  in  its  solution. 

Before  leaving  this  proposition,  it  is  right  to 
observe  that  the  two  last  of  its  corollaries  give 
one  of  those  sagacious  anticipations  of  future 
discovery  which  it  is  in  vain  to  look  for  anywhere 
but  in  the  writings  of  this  great  man.*  He  says, 
that  by  pursuing  the  methods  indicated  in  the  in- 
vestigation, we  may  determine  the  variations  im- 
pressed upon  curvilinear  motion  by  the  action  of 
disturbing,  or,  what  he  terms,  foreign  forces ;  for  the 
changes  introduced  by  these  in  some  places,  he  says, 
may  be  found,  and  those  in  the  intermediate  places 
supplied,  by  the  analogy  of  the  series.  This  was 
reserved  for  Lagrange  and  Laplace,  whose  im- 
mortal labours  have  reduced  the  theory  of  dis- 
turbed motion  to  almost  as  great  certainty  as  that 
of  untroubled  motion  round  a  point  by  virtue  of 
forces  directed  thither.f 

We  have  thus  seen  how  important  in  determining 
all  the  questions,  both  direct  and  inverse,  relating 

*  See  a  siogular  anticipation  respecting  dynamics,  by  Lord 
Bacon,  in  DeAng,  Lib,  III.,  under  the  head  Translation  of  Experi- 
ments. It  was  pointed  out  to  me  by  my  learned  friend  B.  Montague* 

f  Laplace  (M6c.  C61.  lib.  xv.  ch.  i.)  refers  to  this  remarkable 
passage  as  the  germ  of  Lagrange's  investigations  in  the  Berlin 
H^moires  for  1786. 
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to  the  centripetal  force^  are  the  perpendicular  to 
the  tangent  and  the  radius  of  curvature.  Indeed 
it  must  evidently  be  so^  when  we  consider>^r.ff, 
that  the  curvature  of  any  orbit  depends  upon  the 
action  of  the  central  force,  and  that  the  circle  coin- 
4siding  with  the  curve  at  each  point,  beside  being  of 
well-known  properties,  is  the  curve  in  which  at  all 
its  points  the  central  force  must  be  the  same ;  and, 
secondly,  that  the  perpendicular  to  the  tangent 
forms  one  side  of  a  triangle  similar  to  the  triangle 
of  which  the  fluxion  of  the  radius  vector  is  a  side; 
the  other  side  of  the  former  triangle  being  the  ra- 
dius vector,  the  proportion  of  which  to  the  force 
itself  is  the  material  point  in  all  such  inquiries. 
The  difficulty  of  solving  all  these  problems  arises 
from  the  difficulty  of  obtaining  simple  expressions 
for  those  two  lines^  the  perpendicular  p  and  the 
radius  of  curvature  R.  The  radius  vector  r  being 
always  >/oc*  +  y*  interposes  little  embarrassment; 
but  the  other  two  lines  can  seldom  be  concisely  and 
simply  expressed.  In  some  cases  the  value  of  F,  the 
force,  by  d  r  and  dp  may  be  more  convenient  than 
in  others ;  because  p  may  involve  the  investigation 
in  less  difficulty  than  R;  besides  that  p^  enters  into 
the  expression  which  has  no  fluxions.  But  in  the 
greater  number  of  instances,  especially  where  the 
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curve  i«  giv«n,  tlie  formula  — ?L--  will  bo  found 

mott  eftjiily  dealt  with. 

ii.  Tius  next  branch  of  the  inquiry  rdateii  to  the 
dficribtng  the  conic  nect  ionv  voverally ,  where  certain 
poiiitN  are  given  through  which  tliey  are  to  paM# 
or  certain  lincH  which  they  are  to  touch.    The  nub- 
ject  id  handli«d  in  two  Hectionti,  (the  fourth  and 
flfUt,)  the  firui  of  which  treulN  the  cim*  where  on« 
of  the  foci  in  givi^n;  the  second  the  cane  where 
neither  focuit  in  given.    Thiv  whole  subject  in  purely 
geometrioal ;  and  exhibits  a  fi'rtility  of  reitourcei  in 
treating  the»e  diflicull  probleniHi  au  well  an  an  ele- 
gance  in  the   manner  of  their   noluiion,  which 
baa  fitw  parallisU   in   the   hiMtory  of  ancient  or 
modern  geometry,    ThiM  portion  of  tlu»  IVincipia, 
however^  iu  incapable  of  abridgment ;  and  tlu^re 
b  no  advantage  whatever  in  n^Molving  the  problemt 
analytically,  but  jrutlmr  the  contrary;  for  with  tlie 
exception  of  one  of  the  lemma*,  in  demonstrating 
which  Kir  Ifuuic  Newton  himnelf  has  re^ 
algebraical  reasoning   in  order    to    eb 
proofs,  the  geomHricul  process  is  in  all 
innlance  extremely  vumvim*,  in  all  C| 
beautiful,  anil  lessencum()eredth( 
The  sufieriority  of  tim  former  t9 
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of  investigation  in  such  solutions  is  apparent  on 
trying  algebraically  some  simple  case  as  in  the  so* 
lution,  describing  a  circle  through  three  points^  or 
through  two  points^  and  touching  a  line  gifen  in 
position  ;  no  little  embarrassment  results  from  the 
number  and  entanglement  of  the  quantities  in  die 
solution.    Even  so  great  a  master  of  analysis  as 
Sir  Isaac  Newton^  in  solving  the  problem  of  de- 
scribing a  circle  through  two  points^  touching  a 
given  line^  could  find  no  better   expression  than 


»  = 1— ^ ,  although  geo- 
metrically the  construction  is  easy  by  drawing  a 
circle  on  one  segment  of  the  line  joining  the  given 
points,  and  another  on  the  given  line.*  These  are 
comparatively  simple  problems ;  in  the  more  diffi- 
cult cases  of  the  conic  sections  this  embarrassment 
is  often  inextricable,  f 

To  illustrate  the  application  of  these  important 
problems,  let  us  suppose  that  by  observation  we 

*  The  above  algebraical  solution  is  that  of  Prop.  43  of  the 
Arith.  Univ.,  where  the  59,60  and  61  are  also  solutioot  of  the 
three  first  problems  of  Sect.  V.  of  the  Principia,  B.  I. 

t  Maria  Agnesi*8  Instituzioni  Anatiliche  abounds  in  elegant 
algebraical  investigations  of  geometrical  problems,  but  affords  no 
grounds  for  modifying  the  above  remark. 
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obtaio  threo  points  in  the  orbit  of  any  planet,  and 
would  ascertain  from  those  points  the  position  of 
the  greater  axis,  and  the  focus  in  wliich  the  sun  is 
placed,  the  eccentricity  of  the  orbit  or  distance  of 
the  focus  from  the  centre  of  the  ellipse,  and  the 
■pbelion,  or  greatest  distance  to  wliich  in  its  course 
the  planet  ever  is  removed  from  the  sun ;  this  is 
easily  done  by  means  of  Prop.  XVIII.  (Book  I.), 
Tor  that  enables  us  to  find  the  elliptical  and  hyper- 
bolical trajectories,  which  paHS  through  given  points, 
when  one  focus  and  the  transverse  axis  are  given ; 
and  thus  to  find  the  other  focus,  and  the  centre  of 
the  curve,  and  the  distance  from  tlie  given  focus  to 
the  further  extremity  of  the  axis,  which  is  Uie  aphe- 
lion. 

In  like  manner  the  problem  which  Sir  Isaac 
Newton  calls  by  far  the  most  difficult  of  any,  and 
says  that  he  had  tried  to  solve  in  various  ways,"^ 
that  of  finding  the  trajectory  of  a  comet  from  throe 
observations,  supposing  it  to  move  in  a  parabolic 
orbit,  is  reduced  by  an  elaborate  and  difficult  pro- 
cess of  reasoning  to  describing  a  parabola  through 
two  given  points,  which  are  found  in  its  own  orbit 
from  the  observations.  Now  Prop.  XIX.  of  Book  L 

•  Problema  hocce  longe  dUficilUmum  multimode  tggrttsiui 
(Lib.  III.  Prop.  41). 
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gives  an  easy  solution  of  this  problem.*  It  is  only 
to  describe  fh>m  each  of  the  given  pmnts  a  circle, 
with  the  distance  of  that  point  from  the  given  fbcns 
as  a  radius^  and  the  straight  line  touching  ihestf 
two  circles  will  be  the  directrix  of  the  parabola,  and 
the  perpendicalar  to  it  from  the  focus,  its  axis;  th6' 
principal  vertex  being  the  middle  point  of  that  per* 
pendicular.  The  coincidence  of  the  very  eccentric 
elliptical  orbits  of  the  comets  with  the  parabola 
makes  this  parabolic  hypothesis  answer  for  de^ 
termining  their  places  and  times  in  the  general 
case. 

The  correction  of  the  orbit  thus  found  is  reduced 
to  finding  the  orbit  of  an  ellipse  which  shall  pass 
through  three  given  points,  and  this  is  done  by  the 
21st  proposition  of  Book  I.,  or  rather  by  the  16th 
lemma,  to  which  it  is  a  corollary,  for  inflecting  three 
straight  lines  from  three  given  points,  the  differences, 
if  any,  between  the  lines,  being  given. 

Sir  Isaac  Newton  tried  the  accuracy  of  the  me- 
thods thus  found  upon  several  comets^  and  parti- 

*  Several  other  propotitions  are  given  in  the  fint  book  for  the 
purpose  of  facilitating  the  solution  of  this  difficult  problem  by 
another  method;  but  the  author  informs  us  that  he  subsequently 
feU  upon  the  method  which  he  has  given  in  the  third  book,  and 
which  he  prefers  for  its  greater  simplicity. 


Bailey's 


neorift  of  a  eoH^aziHB  W. 
lom  the  liieofjv  aad  the 


jP&h;  as m^ ji J> me CMK?:  ^K»,mBaIhf% 


In 
metrical  oompatatioB,  Sir  Imam  \ewrUfL  found 
ernw  of  y  y  oa  aa  am  apt  »  the 
about  PintfaeloB^kiMie.  Bvt  HaQer,.  haru^aftes-' 
waids  made  the  oPBitJWUiioatwkfagreaftCTaipeatacy 
by  arithmetical  opendtioBs,  faoadlhe  aauagt  «nw, 
on  sixteen  obaerratkHH,  in  the  ladtade  anlr  ahewt 
52^  and  in  the  kngitade  1'  2%-^.  The  ar«fa^ 
error  found  on  a  eompamon  «f  the  thewr  widi 
twenty H»e  observatioK  made  dbroad^  vas  tM«nd  br 
Halley  only  to  be  ST  in  the  lautodc;,  and  ^"^  ia 
the  longitude.* 

Secondly,  as  regards  c^her  comeAs. 

In  the  oomputatkms  of  the  oomet  1€6S^  the  errKw 

*  Tbk  omits  tUfllimvaCMa»ftdedMi0*OMl«K,iitl^ 
manifeitly  an  cnor  m  tkc  fifwes  is  ftit 
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was,  on  an  average  of  eighteen  obsenratioos,  W  in 
the  latitude,  and  in  the  longitude  V  25".  In  the 
latitude  the  errors  by  excess  nearly  balance  those 
by  defect,  the  one  being  to  the  other  as  40  to  49. 
In  the  longitude,  supposing  the  observation  of  De- 
cember 7  accurately  stated  (which,  from  the  error, 
amounting  to  7'  33^^  seems  very  doubtful),  the 
errors  by  excess  are  sixteen  times  more  consideraUe 
than  those  by  defect.  In  the  comets  of  1682  and 
1683,  on  comparing  the  observations  of  Flamstead 
with  the  theory,  the  error  was  I'  31"  in  latitude, 
and  45"  in  longitude,  for  eleven  observations  of  the 
former  comet,  and  for  seventeen  of  the  latter  comet, 
1 '  1 0"  in  latitude,  and  V  29"  in  longitude.  But  the 
comet  of  1723  came  nearer  its  computed  place;  the 
average  error  of  latitude  on  fifteen  observations  of 
Bradley,  compared  with  the  same  number  by  HaDey 
himself,  and  Pound  (his  uncle),  was  only  21'']^  ifi 
the  latitude,  and  somewhat  under  25'^  in  the  longi' 
tude.  It  is  to  be  remarked  that  is  apparently  the 
case  in  which  the  observations  were  the  most  accu- 
rate, three  eminent  observers  checking  each  other, 
and  no  one  observation  differing  from  the  computa- 
tion much  more  than  by  the  average  of  the  rest 
while  great  differences  occur  in  all  the  other  cases, 
and  give  rise  to  a  suspicion  of  error.     For  in  the 
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eoDMt  of  1GS3,  tlu*re  wm  ono  day  (Aug.  15)  ia 
vbieli  the  latiftudtf  dilFered  bc*iwe<*n  tbrci$  aiid  four 
tiniiMf  and  tlio  longitude  three  titnan  more  tliun  tlto 
■reragr;  aiul  in  theobfiervaiiouKof  thiiconietoflOC^ 
diera  are  )M*veral  errorn  in  longitude  of  twice^  and 
ooe  error  of  no  Lcmh  than  live  titnetf,  above  the  average. 
Tbi'He  |iarticular  obHCfrvationH,  and  not  the  th<^ry« 
tll«n»were  |irobubly  at  fault  in  thoMe  iuMtanceH;  but 
tb«y  affect  the  general  average  materially, 

1*lie  intimate  connexion  between  tin*  purely  geo- 
mtttrieal  |>artH  of  tint  Prinei[>ia,  the  Fifth  and  Sixth 
StKrtioiM  of  the  FirHt  Dook,  and  the  moftt  Mublimo 
in4uirie«  into  the  motiunn  of  the  heavenly  b<Kli«*H, 
iboMe  niotiouM^  too^  which  are  the  moMt  rapid,  tind 
performed  in  Hpaci^M  tiie  mont  prodigioiiM,  may  Muilice 
to  «lww  the  Htudent  how  well  worthy  thesis  mathe* 
luaiical  inveMtigutionnare  of  b<*ing  mhiutidy  followed. 
Were  thi«y  wholly  unconnected  with  Huch  imfiorUint 
k|N!CulationM  in  IMiy>»ical  AHtronomy,  and  only  to  Ih! 
nyarded  an  a  brunch  of  tin*  Ilighc*r(jeometry,thfy 
would  d<na«rvtt  the  d<re|M*Ht  attention,  for  their  inter* 
e»lilig  de>'elopmcnt  of  general  relationn  between 
figureN  »o  wi?ll  known  an  the  conic  w^ctioiiM,  for  the 
marvelloiiM  felicity  of  the  expedientu  by  which  the 
ftolutionn  are  obtained,  and  for  the  inimitable  ele- 

VOL.  II.  Q 
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gance  with  which  the  reasoning  is  conducted.  Asa 
mere  matter  of  mathematical  contemplation,  begin* 
ning  and  ending  in  the  discovery  of  the  relations 
which  subsist  between  different  quantities  and 
figures,  they  afford  matter  of  lasting  interest  to  the 
geometrician.  But  it  certainly  heightens  that  inte- 
rest to  reflect  that  the  same  skilful  and  simple  con- 
struction  which  enables  us  to  describe  a  paraboh 
through  given  points,  or  touching  given  lines,  bende 
gratifying  a  curiosity  purely  geometrical,  leads  us  to 
calculate  within  2(y^  at  the  truth  the  place  of  bodiei 
revolving  round  the  sun  in  orbits  so  eccentric  that 
the  ellipse  which  they  describe  coincides  with  a 
parabolic  line,  instead  of  being  nearly  circular  liks 
the  path  of  our  globe,  although  our  own  distance  from 
that' luminary  is  near  a  hundred  millions  of  miles, 
iii.  We  are  next  to  consider  the  motion  of  bodies 
in  conic  sections  which  are  given,  and  ascending 
or  descending  in  straight  lines  under  the  influence 
of  gravity ;  that  is,  the  velocities  and  the  times  of 
tlieir  reacliing  given  points,  or  their  places  at  given 
times.  This  branch  of  the  subject,  therefore,  di- 
vides itself  into  two  parts,  the  one  relating  to  motion 
in  the  conic  sections,  the  other  to  the  motion  of 
bodies  ascending  or  descending  under  the  influence 
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•f  gnkriiAium.    Ttie  Sixth  Section  treats  of  the 
brmer,  the  Seventh  of  the  latter. 

(l.j  In  order  to  find  the  pUiec*  of  a  revolving  body 
in  if«i  trajfHTtory  at  any  given  time,  we  have  to  find 
i  point  iiueh  that  the  area  cut  off  by  the  radiun 
raetor  to  that  point  «hall  l>e  of  a  given  amount;  for 
that  area  in  pro]>ortional  to  the  time.  1*bus  «up- 
poife  the  bo<iy  moveH  in  a  parabola,  and  that  its 
radius  vector  completes  in  any  time  a  certain  space, 
lay  in  half  a  year  moves  through  a  space  making 
M  area  equal  to  the  sf|uare  of  D;  in  order  to  ascer- 
lain  ilii  position  in  any  given  day  of  that  half  year, 
we  have  to  cut  off  by  a  line  drawn  from  the  centre 
of  forcfs  an  area  which  Khali  bear  to  D*  the  same 
projiortion  that  the  given  time  lK*ars  to  the  half  year, 
Miy  3  to  m*,  or  wc  have  to  cut  off  a  section  A  8  P  s= 

' t  ly.  A  F  licing  the  parabola  and  S  the  focus; 


o 


\' 


\ 
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this  will  be  done  if  A  B  be  taken  equal  to  three 
times  A  S,  and  B  O  being  drawn  perpendicular  to 
A  B,  between  B  O,  BA  asymptotes,  a  rectangular 
hyperbola  is  drawn,  H  P,  whose  semi-axis  or  semi- 
parameter  is  to  D  in  the  proportion  of  6  to  m; 
it  will  cut  the  parabolic  trajectory  in  the  point 
P,  required.  For  calling  A  M  =  a?  and  P  M  =y 
and  A  S  =  a ;  then  A  B  =  3  a  and  y  x  (a?  +  3  a) 
=  half  the  square  of  the   hyperbola's  semi-axis, 

,       6D  36  D* 

which  axis  being  equal  to ,  y  (a?  +3  a)  =  -y-j 

3D*  /2  1  1    \      3D* 

=   ^;ir>   or  J/    x^go:    -  ^x  +   2aj  =  -^. 

2  1  3D«      , 

Therefore  it  x  y  —  h   (a?  —  a)  y  =i   — j-,  and 

2  2  11 

Q.AM  X  P  M  =  g^J/;  and^  Cx  —  a)  i/  =  ^ 

SM.PM  =  SMP;  therefore  the  sector  ASP 

3D* 

=   — ,- :  so  that  the  radius  from  the  focus  S  cuts 
mr 

off  the   given  area,  and  therefore  P  is  the  point 

where  the  comet  or  other  body  will  be  found  in 

3 

"i  parts  of  the  time. 
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If  the  point  \h  to  bo  found  by  computation,  we 

can  easily  find  the  valuo  oi  yhy  a  cubio  equation, 

18  a"  D* 
J/"  +  3  a*  y  = p-  ,  and   niiiking  B  L  =  y, 

L  P  parallel  to  A  M,  cuts  A  P  in  tho  point  P 
roquired.  Sir  Isaac  Nowton  gives  a  very  elegant 
solution  geometrically  by  bisecting  A  S  in  G,  and 
taking  the  perpendicular  G  R  to  the  given  area 
as  3  to  4  A  S,  or  to  S  B,  and  then  describing  a 
circle  with  the  radius  K  S ;  it  cuts  the  parabola  in 
P,  the  i)oint  required.*^  This  solution  is  infinitely 
preferable  to  ours  by  tho  hyperbola,  except  that 
tho  demonstration  is  not  so  easy,  and  the  alge- 
braical demonstration  far  from  simple. 

It  is  further  to  be  observed,  that  the  place  being 
given,  either  of  these  solutions  enables  us  to  find 

the  time.    Tiius  in  the  cubic  equation,  we  have  only 

3D-      ,    .                  y»  +  3a-y        ^      ^ 
to  find  — 7  •     It  is  equal  to    — ji — ;i ;  and  as  D* 

is  the  given  integer,  or  period  of  e.  g.  half  a  year, 
the  body  comes  to  the  point  P  in  a  time*  which  bears 

6  a*  D» 
to  D"  the  proportion  oi  unity  to-;;      ^   i — • 

Sir  Isaac  Newton  proceeds  to  the  solution  of  the 

*  Tim  moit  ttin{i^ular  ri-lation  fulMiiitf  between  the  hjpcrbolM 
tod  pArabviic  areiui,  Kivintf  rine  to  very  curiouv  Ponimi  connected 
with  Quaaraturet.— Bee  /%>/.  Trani.  1798,  part  ii. 
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same  important  problan  in  the  case  of  the  eUipse, 
ivhich  is  that  of  the  planetary  system,  and  is 
termed  Kepler  s  problem  from  having  be^i  pro- 
posed by  him  when  he  had  discoTered  by  observation 
that  the  planetary  motions  were  performed  in  this 
curve,  and  that  the  areas  described  by  the  ractii 
were  proportional  to  the  times.  In  the  parabola 
which  is  quadrable  and  easily  so,  the  area  being 
two-thirds  of  the  rectangle  under  the  co*ordinates> 
the  solution  of  this  problem  is  extremely  easy.  But 
the  ellipse  not  admitting  of  an  expression  for  its 
area,  or  the  area  of  its  sectors,  in  finite  terms  of. 
any  product  of  straight  lines,  the  problem  becomes 
incapable  of  a  definite  solution.  Newton  accord* 
ingly  begins  his  investigation  by  a  lemma,  in  which 
he  endeavours  to  demonstrate  that  no  figure  of  an 
oval  form,  no  curve  returning  into  itself  and'  miik^ 
out  touching  any  infinite  arch,  is  capable  of  definitet 
quadrature.  It  is  rarely,  indeed,  that  the  expression 
*'  endeavour,"  can  be  applied  to  Sir  Isaac  Newton. 
But  some  have  questioned  the  conclusiveness  of  his 
reasoning  in  this  instance.  The  demonstration 
consists  in  supposing  a  straight  line  to  revoke 
round  a  point  within  the  oval,  while  another  pcmit 
moves  along  it  with  a  velocity  as  the  square  of  tb^^ 
portion  of  the  revolving  line  between  the  given  cen- 
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tre  and  the  oyal^  that  is,  as  the  radius  vector  of  the 
oval  from  the  given  centre.  It  is  certainly  shown, 
that  the  moving  point  describes  a  spiral  of  infinite 
revolutions;  and,  also,  that  its  radius  is  always  as 
the  area  of  the  oval  at  the  point  where  that  radius 
meets  the  oval.  If  then  the  relation  between  the 
area  and  any  two  ordinates  from  the  oval  to  any 
axis  is  such  as  can  be  expressed  by  a  finite  equa- 
tion, so  can  the  relation  between  the  radius  of  the 
spiral  and  co-ordinates  drawn  parallel  to  the  former, 
or  the  co-ordinates  to  the  same  axis.  Therefore  it 
will  follow,  that  the  spiral  can  be  cut  only  in  a  finite 
number  of  points  by  a  straight  line,  contrary  to  the 
nature  of  that  curve.  Indeed,  its  co-ordinates  being 
related  to  each  other  by  an  algebraical  equation  is 
equally  contrary  to  its  nature;  consequently  the 
possibility  of  expressing  the  relation  between  the 
area  of  the  oval  and  the  co-ordinates  leads  to  this 
absurd  oonclusion,  and  therefore  that  possibility 
cannot  exist ;  and  hence  it  is  inferred  that  the  oval 
is  not  quadrable. 

Sir  Isaac  Newton  himself  observes  that  this  de- 
momstration  does  not  apply  to  ovals  which  form 
parte  of  curves,  being  touched  by  branches  of  infi- 
nite extent.     But  it  does  not  even  apply  to  all  cases 
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of  ovals  returning  into  themselves^  and  unconnected 
ifith  any  infinite  branches.  Tlierc  is^  for  example, 
a  large  class  of  curves  of  many  orders,  those  whose 
equation  is  y*  =  ti^x^""*-""  x  («*  —  ^  )  ;  and  when 
m  is  even  these  cun*es  are  quadrable  ;  and  in 
every  case  where  m  and  n  are  whole  positive  even 
numbers,  it  is  the  equation  to  a  curve  reluming 

into  itself.     This  is  manifest  upon  inspection :  for 

1 
f  y  d  X  ^  f  n  x""'  (a"  —  x"  )"•  d  a?  is  integrable  be- 
cause the  power  of  x  without  is  one  less  than  that  of 
X  within  the  radical  sign ;  and  because  there  is  no 

divisor  there  can  be  no  asymptote;  while  it  is  plain 

I 

that  the  —  root  of  a"  —  x"  is  impossible  when  either 

-f  X  or — X  is  greater  than  a,w  and  m  being  both  whole 
numbers  and  m  even.  Wherefore  the  curve  returns 
into  itself;  and  as  y  =  0,  both  when  a?  =  0,  and  when 
x=z  -f  a,  or  —  a,  therefore  the  figure  consists  of  two 
ovals  meeting  or  touching  in  the  origin  of  the  abscissae. 
These   two  ovals  admit   of  a  perfect  quadrature; 

m  ZJi±. 

the  integral  being  C  —  — — -j-  (a"  —  j;")      * 

5 

Thus  if  m  =  n  =  2  the  area  is  C  —  f  (a*—  x*)  ^, 
the  latter  quantity  being  an  area  that  has  to  one- 
third  the  rectangfle  of  the  co-ordinates  the  same 
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proportion  which  the  diflference  of  the  squares  of 
the  diameter  and   abscissa  has  to  the   square  of 

i  a*— X* 

the  abscissa ;  for  j  (a*  —  x*)      =  j  x  y  x  r~. 

Tlic  particular  inquiry  respecting  motion  in  the 
ellipHO  did  not  perhaps  require  the  proposition  to 
be  proved  in  the  very  general  form  in  which  Sir 
Isaac  Newton  has  given  it.  That  the  ellipse  can- 
not be  squared  might  perhaps  be  sufficiently  proved 
from  this  consideration,  founded  upon  a  reasoning 
analogous  to  that  on  which  the  lemma  in  question 
proceeds.  If  a  curve  be  described  such  that  its  co- 
ordinates, or  the  rectangle  contained  by  the  co-or- 
dinates, shall  always  bear  a  given  proportion  to  the 
areas  of  the  ellipse  on  the  same  axis,  this  curve 
cannot  be  algebraical,  not  merely  because  of  its 
equation  involving  quantities  not  integrable  (for 
tliat  may  be  said  to  be  the  question),  but  because  it 
will  stop  short  at  a  given  lino,  which  no  algebraical 
curve  can  do.  It  will  have  no  branch  extending 
beyond  the  perpendicular  at  the  end  of  the  axis : 
and  moreover  its  equation  is  known  to  be  that  of 
a  transcendental  curve.  This  reason  cannot  be  ap- 
plied to  all  curves  returning  into  themselves ;  be- 
cause, as  we  have  seen  in  one  class,  the  equation  to 

q3 
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the  etirva>  whose  ccMivdiiiftteB  flhould  express  tbeir 
anas,  is  algebraical;  and  also  because^  in  that 
dass^  the  secondary  curve  is  found  to  have  two 
branches  which  meet  in  cusps,  and  so  do  not 
stop  short.  If  described  by  the  proportion  of  areas 
they  would  seem  to  stop  shorty  that  property  only 
belonging  to  one  of  their  branches  ;  but  their  tqm^ 
tion  discloses  the  second  branch.  It  is  one  of  many 
instances  of  a  truth  perhaps  not  sufficiently  re» 
marked  by  geometricians,  that  curves  sometiaijes 
have  particular  portions  to  which  certain  proper'' 
ties  belong  exclusively,  no  other  part  of  the  curve 
having  them. 

As  the  area  of  the  ellipse  cannot  be  fomid  bj 
algebraical  quantities,  or  by  the  description,  of  al- 
gebraical curves,  the  problem  of  Kepler  cannot  be 
solved  otherwise  than  by  transcendental  curves, 
logarithms,  circular  arcs,  or  approximation.  Sir 
Isaac  Newton  gives  a  solution  by  means  of  the 
cycloid  described  on  an  axis  at  right  angles  to  the 
transverse  axis  of  the  ellipse,  at  a  distance  from  its 
vertex  which  is  a  fourth  proportional  to  half  the 
transverse  axis,  the  focal  distance,  and  the  eccen- 
tricity, and  with  a  generating  circle  whose  radto 
is  the  distance  of  thii^  perpendicular' fr6m  theroiMitb. 
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A  ptrall^l  to  the  rrrlMd'*  Knu.  «  the  pninC  wfaoM 
abwitHa  ■■  lo  the  ftnjAttrf  ot  ib^  i^HKruing;  cird* 
in  the  prnponicn  of  ibv  prm  iaam  to  tiw  prrwdie 
timr,  cult  the  ellipw  st  ihr  pLac*  rmfniretL  TloB 
Mbdba  rwinim  a  cmnimclimi  baide  that  erf  tiM 
einve  tli-»crilK<l ;  Init  a  cfclmd  may  be  described 
tririeh  nhall  cut  the  rllipse  directly  at  the  point  ro- 
quiretl.  If  n  cinAr.  i«d««cril»«l  on  A  B  the  tramvene 
■xift,  anil  ita  quadrant  A  k  is  ml  in  O,  ia  the  j^ren 
ratio  of  th^  timn  in  which  ihu  ellipticaJ  an-a  is  lo 
bn  irtil ;  anri  then  a  cycloid  is  described,  nho^e  or- 
dlMtP  P  M  is  aJvrnys  ii  fourth  proportional  lo  the 
arehOtj,  thi-  rcctnnglt  of  the  two  ax(«  andthedis- 
tnce  between  the  foci,  or  to  A  I)  x  2.  C  F,  and  2.  C  8, 
^llie  cydnid  ciitM  the  utiipitc  in  the  point  required, 
P.  Tbu  equation  to  thin  curve  G  P  i*  simple  enough. 


Ud  tlie  COTlnl 

given  proportion  1ft, 
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however,  an  arithmetical  approximation  by  means 
of  series  is  required  in  practice.  Sir  Isaac  Newton 
gives  two  methods,  both  of  great  elegance  and  effi" 
ciency.  . 

It  may  be  proper  here  to  note  the  names  givea 
by  astronomers  to  the  lines  and  angles  in  the 
ellipse  connected  mainly  with  the  investigation  of 
this  problem.  Ttie  sun  being  in  the  focus  S, 
and  P  the  planet's  place,  the  aphehon  of  the  planet 
is  B;  the  perihelion  A;  the  arch  B  P,  or  angle 
B  S  P  is  the  true  anomaly ;  B  O  being  to  the- 
whole  circumference  as  the  time  in  B  P  to  the  whole 
periodic  time,  BO,  or  O  S  B,  is  the  mean  ano- 
maly, and  Q  B,  or  Q  C  B,  is  the  eccentric  anomaly, 

o 


A  8  c         M  B 

C  being  the  centre  of  the  ellipse :  A  and  B  are 

likewise  called  the  apsides  (or  apses),  and  A  B,  the 

transverse  axis,  is  called  the  line  of  the  apsides ; 

S  C 
S  C,  or  more  generally  — —  is  the  eccentricity. 

A  O 


(2.)  'Hic  iioxt  ftiibjoct  of  inquiry  ifl  the  comparison 
of  lioclifN  moving  in  a  nt might  lino  towardfi  tho  centre 
of  frvrctiMfWith  tliOHo  moving  by  the  Hume  eentripolul 
force  in  the  conic;  HcrtionH  wiiom;  iixiH  in  that  fttraJght 
lino.  If  tho  projoctile  force  by  which  a  body  re- 
volvPH  in  uny  of  thoHo  cnrvefi  roinid  tho  focufi  aH  a 
centre,  Muddenly  coaHCfi,  and  the  body  fulln  towardM 
tlio  centre  of  the  curve,  it  iH  nhown  that  itn  place  at 
anjr  given  time  will  be  the  point  where  the  line  of 
descent  in  cut  by  a  p(*r]Nnidicular  from  tho  point  of 
tlio  cur\'e  where  the  radiuH  from  the  vertex  maken 
its  area  proportioned  to  the  time  conHumed  in  the 
fall.  For  take  tht!  paral)ula  whoMc?  area  in  ^  ay, 
and  let  the  diHtunce  of  the  point  where  the  body 
b4*gins  to  deKcinul  in  a  Ktraight  line  be  c;  tlie  pa- 
rulioHc  hectorn,  which  are  aH   the  timcH,  are  ex- 

preswd  by  y  x  [^     ir)  (=  5  ^^  +  (  ^' ""  ^)  2) 

or  y''.^  X    (^  +  •'  c) ;    and  if  another  parabola 

with  tlie  same  vertex,  and  with  a  smaller  para- 
ni«t4ir,  bt  is  drawn  nearer  the  straight  line,  its  sec* 

tors  are  x-i.  (x  4.  3  c).     Now  the  times  in  the 
first  parabola,  or  the  areas,  at  any  two  points  referred 
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to  the  abscissae  x  and  z,  being  3_ —    («  +  3  c), 
and  r.2Lz  (r  +  3  c),  the  times  or  areas  in  the  se- 

oond  parabola  will  be  ^        (x  +  3  c),  and  ^ 

(x  +  3  c)^  lespeetively  ;  and  therefore  it  is  erident 
that  the  areas  at  the  distanees  x  and  z^  in  the  one 
cnrve,  are  in  the  same  proportion  to  one  anothiee 
with  the  areas  in  the  other  curve  at  those  distances. 
If  the  parameter  be  continually  diminished  of  thB 
second  curve,  until  that  curve  coincides  with  the 
asii^  the  same  proportion  holds;  and  the  times, 
therefore,  in  falling  through  the  axis,  will  be  as  the 
areas  of  the  first  curve,  corresponding  to  the  points 
of  that  axis :  And  so  it  may  be  shown  in  the  eUipse 
and  hyperbola. 

Hence  it  follows,  that  in  the  case  of  the  parabolsi 
the  velocity  of  the  falling  body  in  any  given  poiut  is 
equal  to  that  with  which  the  body  would,  moving  uni- 
formly, describe  a  circle  described  from  the  centre,  to 
which  the  body  is  falling,  and  with  a  diameter  equal 
to  the  dbtance  of  the  given  point  from  that  centre. 
In  the  circle,  the  velocity  at  the  given  point  is  to  the 
velocity  in  the  cirde  dtseribed  from  the  centra  with 
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the  diBtanee  of  the  given  point  for  the  radius,  as  the 
qiutre  root  of  the  distance  fallen  through  to  that 
of  the  whole  distance  of  the  point  where  the  fall 
begins.  Thus  let  d  be  the  distance  of  the  given 
point  to  which  the  body  has  fallen,  D  the  distance 
of  the  point  at  which  it  began  to  fall ;  the  velocity  in 
the  case  of  a  parabola  is  equal  to  that  of  the  body 
moving  in  a  circle,  whose  radius  is  \  d;  in  the  case 
of  a  circle,  it  is  to  that  of  a  body  moving  in  a  circle 

whose  radius  is  r/,  as  ^  D  —  ^/  :  tj  D ;  and  the 
\Jke  proportion  subsists  in  the  case  of  the  hyperbola. 
Further,  a  rule  is  thus  deduced  for  determining^ 
conversely,  the  time  of  descent,  the  place  being 
given.  A  circle  is  to  be  described  on  A  S  =  D,  as 
the  diameter,  and  another  from  S  the  centre,  towards 

which  the  body  falls,with  the  radius  — .    P  being  the 
point  to  which  it  has  fallen,  if  the  area  S  X  B  be 

A 
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taken  equal  to  S  C  A,  the  time  taken  to  fall  through 
A  P  is  equal  to  the  time  in  which  the  body  would 
move  uniformly  from  B  to  X.  Hence  the  periodic 
times  being  in  the  sesquiplicate  ratio  of  the  dis- 
tances (^  =  d  ^  )  and  because  2  *  =  2  V  2,  the 
time  taken  to  fall  through  the  whole  distance  to 
the  centre  is  to  the  periodic  time  of  a  body  re- 
volving at   twice  that  distance  round  the  same 

centre  as  1  to  4  ^  2  ;  and  thus  we  can  calculate 
the  time  (supposing  the  planetary  orbits  to  be  cir- 
cular) which  any  one  would  take  to  fall  in  a  straight 
line  to  the  sun,  or  any  satellite  to  its  principal 
planet,  if  the  projectile  motion  were  suddenly  to 
cease.  The  moon  in  this  way  would  fall  to  the 
earth  in  about  four  hours  less  than  five  days.* 

The  inquiry  is  closed  with  a  solution  of  the  general 
problem,  of  which  the  preceding  solutions  for  the 
conic  sections,  and  for  the  force  inversely  as  the 
squares  of  the  distances,  are  only  particular  cases ; 
and  the  times  and  velocities  are  found  from  the  places, 

*  It  is  comparing  the  greatest  with  the  smallest  things,  to 
observe  that  the  time  of  the  revolution  of  a  planet  roond  the 
sun,  or  the  planetary  year,  bears  the  same  proportion  to  the  time  in 
which  the  planet  would  fall  to  the  sun,  which  the  square  of  the 
side  of  a  bees'  cell  does  to  one  of  the  six  triangles,  or  to  the  sixth 
part  of  the  rhomboidal  plate.    (See  Appendix  to  voL  i.) 


pRiNciprA.  358 

or  the  placcn  from  thn  timns  and  velocities,  whore  a 
bodjr  axccndfi  from  or  dencondfl  to  the  centre  influ' 
fneed  by  a  centripetiil  forc«?  of  whatever  kind.     On 
(he  given  straight  linn  of  ascent  or  descent  a  curve 
is  to  be  deHcribed  whose  co-ordinates  are  the  centri- 
petal force  ut  each  point  of  the  axis,  or  whoso 
equation  isy  =  X,  X  being  u  function  of  x,  the  dis- 
tance from  the  beginning  of  the  motion.    'J'ho  area 
of  the  curve  at  each  point  is  Jy  d  x  zzf  \dx;  and 
if  Uiat  fluent  is  equal  to  Z',  Z  is  the  V(*Iocity  at  the 
distance  <i  — a?,  from  the  centre.     Another  curve 

d<*scrilied  on  the  same  axis,  and  whose*  equation  is 

]         .  [*dx 

us—,   gives  by  hs  areas   I -7—==  ^1   the   time 

Z  «/    Z 

taken  to  move  through  the  distance  a-^x;   it  is 

equal  to  5.    This  is  eaHily  demonstrated;  for,  first, 

if  the  velocity  be  r,  and  the  time  d  /,  the  spare  l)eing 

dx,  we  have  the  force  t/s=..-. ,   and    d  t  sz  — 

-^      dt'  v' 

therefore  y  = ,  and  ydx=i  v  d v,  and  fydx 

dx 

=  -T  ;  but  7?:^fydx\  therefore  Z  =  --r-, 
velocity  iH  as  the  area  Z.     Again;  for  the  time  in 
the  other  curve;   u  =  vf  ,   and  v  •=.  ^*'L\  also 

U^'lf.^^.     Therefore  t  =r  /i"    [i;!^ 


and  the 
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V^.^,  or  the  time  is  as  the  area  ^.  In  these  ex- 
pressions^ therefore,  to  find  Z  and  ^  we  have  to 
substitute  the  values  of  X  and  Z  in  terms  of  x,  and 
integrate. 

It  is  hardly  necessary  to  add,  that  if,  instead  of 
the  velocity  and  the  time  being  sought  (Z  and  }^, 
these  are  given,  and  the  place  reached  by  the  body 
be  sought,  vre  find  it  by  the  same  construction ;  and' 
ascertaining  Tvhat  value  of  x  gives  the  value  of  Z^' 
the  square  root  of  the  area.  But  it  may  be  weD 
to  note  here,  that  if  O  M  be  the  curve,  whose 

Ai lO 


8l 


ordinate  P  M  or  y  =  X,  the  centripetal  force  at  P 
in  terms  of  A  P  or  or,  or  the  gravitation  of  any 
particle  of  a  homogeneous  fluid  towards  S  at  the 
point  P;  then  the  column  of  that  fluid  whose 
altitude  is  A  P  will  press  at  P,  as  the  area  A  P  M  O9 
or  as  r*,  the  square  of  the  velocity  acquired  by  a 
body  falling  through  A  P. 
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iv.  The  next  object  of  research  is  to  generalise 
the  preceding  investigations  of  trajectories  from  given 
forces,  and  of  motion  in  given  trajectories,  applying 
the  inquiry  to  all  kinds  of  centripetal  force,  and  all 
trajectories,  instead  of  confining  it  to  the  conic 
sections,  and  to  a  force  inversely  as  the  square  of 
the  distance.  This  forms  the  subject  of  the  Eighth 
Sec^on,  which  therefore  bears  to  the  Third,  Fourth, 
Rfth,  and  Sixth,  the  same  relation  that  the  conclud- 
ing investigation  of  the  Seventh  Section  (on  rectili- 
near motion  influenced  by  centripetal  force)  bears 
to  the  rest  of  that  section. 

The  length  at  which  we  before  went  into  the 
solution  of  the  problem  of  central  forces  (inverting 
somewhat  the  order  pursued  in  the  Principia)  makes 
it  less  necessary  to  enter  fully  into  the  general  solu- 
tion in  this  place.  We  formerly  gave  the  manner 
of  finding  the  force  from  the  trajectory  in  general 
terms,  and  showed  how,  by  means  of  various  differ- 
ential expressions,  this  process  was  facilitated.  It 
must,  however,  be  remarked,  that  the  inverse  pro- 
blem of  finding  the  trajectory  from  the  force  is  not 
so  satisfactorily  solved  by  means  of  those  expres- 
sions*   For  example,  the  most  general  one  at  which 


we 


arrived  of  V^+(^-«)'^^^-^X  ^. 

2{ydx-(x^a)dy)*  ^^ 


856  FRINCIPIA. 


- ,  or  the  force  inversely  as  the  square 


of  the  distance^  presents  an  equation  in  which  it 
may  he  pronounced  impossible  to  separate  the 
variables  so  as  to  integrate^  at  least  while  <iX>the 

fluxion  of — ^,  remains  in  so  unmanageable  a  form; 
d  X 

for  then  the  whole  equation  is ^ "^ 1-— 

^  2{ydx-^{x^a)dyf 

C 

=   /  V  .  > ^rr;  3  and  thus  from  hence  no  eqna- 

tion  to  the  curve  could  be  found.  It  cannot 
be  doubted  that  Sir  Isaac  Newton,  the  disco- 
verer of  the  calculus,  had  applied  all  its  resources 
to  these   solutions,    and    as   the    expressions  for 

the  central  force,  whether or — >  o^ 


— ^^  "^y   (in  some  respects  the  simplest  of  all, 

X 

being  taken  in  respect  of  dt  constant,  and  which  is 
integrable  in  the  case  of  the  inverse  squares  of  the 
distances,  and  gives  the  general  equation  to  the  conic 
sections  with  singular  elegance),  are  all  derivable 
from  the  Sixth  Proposition  of  the  First  Book,  it  is 
eminently  probable  that  he  had  first  tried  for  a  gene- 
ral solution  by  those  means,  and  only  had  recourse 
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to  throne  which  he  has  given  in  the  Forty-first  Pro- 
position when  he  found  those  nietho<ls  tmmanagoablo. 
This  would  naturally  confirm  him  in  his  plan  of 
preferring  geometrical  methods ;  though  it  is  to  be 
observed  that  this  investigation,  as  well  as  the  in- 
rerse  problem  for  the  case  of  rectilinear  motion  iu 
the  preceding   Hoction,  is  conduct tsd  more  analy- 
tically than  the  greater  part  of  the  Principia,  the 
reaiioning  of  the  demonstration  conducting  to  the 
solution  and  not  following  it  synthetically. 

A  is  the  height  from  wliich  a  body  muMt  fall  to 
acquire  the  velocity  at  any  imnt  I),  which  tlie  given 
body  moving  in  the  trajectory  V  I  K  (sought  by  the 
inv(*stigation)  has  at  the  corresponding  jKiint  I ;  I)  I, 
KK,  being  circular  arcs  from  th«  centrn  (^  and 
C  I  =C  D  and  C  K=C  E.  It  is  shown  previously 
that,  if  two  bfHlicrt  whose  masses  are  as  their  weights 
descend  with  equal  velocity  from  A,  and  boing  acted 
on  by  the  Hame  centripetal  force,  one  moves  in 
V  I  K  and  the  other  in  A  V  C,  they  will  at  any  cor- 
responding ]>oints  have  the  same  velocity,  that  is 
at  equal  distances  from  the  centre  C.  So  that,  if  at 
any  point  D,  I)  6  or  I)  F  be  as  the  velocity  at  D 
of  the  body  moving  in  A  VC,  D  b  or  I)  F  will  also 
represent  the  velocity  at  I  of  the  body  moving  in 


\N 


I 


V I K.  Thea  take  D  F=y  as  the  centripetal  force 
in  D  or  I  (that  is,  as  any  power  of  the  distance 
DC,orfl-x,yCbeinga,andVD,x)VDFLwill 
be/y  dx.  Describe  the  circle  V  X  Y  with  C  V  as 
radius.    Let  V  X=r  z,  and  Y  X  will  be  rf  ^r,  and  N  K 

= Z.    Then  IC  K  being  as  the  time^  and  dt 

I C  y  KN 

being  constant^  that  triangle,  or 1- ,  is  con- 
stant, and  K  N  is  as  a  constant  quantity  divided  by 
IC,  or  as  ^.    If  we  take  :^  to  VA  VLB  (pro- 


X 


X 
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portioned  to  the  force  at  any  one  point  V  and 
therefore  given),  as  K  X  to  I  K,  therefore  this 
will  iu  all  points  be  the  proportion ;  and  the  squares 

will    be  proportional,   ov  f  y  d  x  :-i-  i:l  K%  or 

K  N*  +  I  Hi*,  to  K  N«;  and  therefore/y  rfx  - 

^  :  ^'  : :  I  N',  or  da*  :  fl^l*.  Therefore i^Lf 
X*      a?"  a*  a 

Qd  X                           t  .  t   .                 x^dz 
;  and  multiplying  by  x, 


Qdx 

(twice  the  sector  I  C  K)  =  — ; —  .  Again 

/^  Q* 

X*  d  s  a^dz 

adz: : :  a*  :   x*;    and   a  d  z  =z  X 

a  a 

a*       a*  Qdx 

"5  =  "3  ^  ==    =    twice    the    sector 

Y  C  X.     Hence  results  this  construction.    Describe 
the  curve  a  6  Z,  such  that  (D  6  =  t/)  its  equation 

Q 

shall  be  tf=  / q5,    and     the     curve 

2\/  fydx--, 

a  CTL  such  that  (D  C  =  ^)  its  equation  may  be 
^  =  — —  ^'  Then  the  fluxions  of  the 
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areas  of  these  cunes,  oru  d  x  and  f  d  r>  being  respec* 

Qdx  Qc^  dx 

lively  ■         /  ^    and  ^  qi, 

2  \/fydx^  -^         2x^^yfydx^^ 

and  these  being  equal  to and    ,    or  the 

sectors  which  are  the  fluxions  of  the  areas  Y  I  C 
and  V  X  C,  the  areas  themselves  are  equal  to  those 
areas ;  and  therefore  from  V  X  C  being  given  (if 
the  area  c  D  V  a  be  found),  and  the  radius  C  V 
being  given  in  position  and  magnitude,  the  angle 
V  C  X  is  given ;  and  from  C  X  being  given  in 
position,  and  C  V  in  magnitude  and  position,  and 
the  area  C  I  V,  if  V  D  6  a  be  found,  the  point  I  is 
found,  and  the  curve  V  I  K  is  known.  This,  how- 
ever, depends  upon  the  quantities  made  equal  to  m 
and  ^  severally  being  expressed  in  terms  of  of,  for 
this  is  necessary  in  order  to  eliminate  y  from  the 
equations  to  these  curves ;  and  then  it  is  necessary 
to  integrate  these  expressions ;  for  else  the  angle 
vex,  and  the  curve  V  I  K,  are  only  obtained  in 
fluxional  equations.  Hence  Sir  Isaac  Newton  makes 
the  quadrature  of  curves,  that  is,  first  the  integra- 
tion o^  f  y  d  x,io  eliminate  y,  and  then  the  inte- 
gration of  the  equations  resulting  in  terms  of  u  and 
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Xy  <tf  and  %  respectively,  the  assumptions  or  con- 
ditions of  his  enunciation.  The  inconvenience  of 
this  method  of  solving  the  problem  gave  rise  to  the 
investigations  of  Hermann  and  Bernouilli.  The 
equation  of  the  fonner,  involving,  however,  the 
second  fluxion  of  the  co-ordinate,  is  to  the  rectan- 
gular co-ordinates;  that  of  the  latter  is  a  polar 
equation^  in  terms  of  the  radius  vector  and  angle  at 
the  centre  of  forces. 

To  illustrate  the  difficulty  with  which  this  metliod 
of  quadratures  is  applied,  in  practice — take  the 
case   of  the   centripetal  force  being  inversely   as 

the   cube  of  the  distance;  then  y  =  —  and  the 

curve  B  L  F  is  quadrable.  If  we  seek  the  circle 
V  X  Y  by  rectangular  co-ordinates  X  O,  O  C,  we 
find  the  equation  to  obtain  O  C  =  D  in  terms  of  x, 
is  of  the  form 

2  (a  —  D)'  rf  D  la""  dx 


a*  d  X 


X  ^2  c  x^  ^  b  -^  2  Q* 
(6  being  the  constant  introduced  by   integrating 

f  y  d  x).  Now  there  is  no  possibility  of  integratincr 
these  two  quantities  otherwise  than  by  sines,  and 
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we  thus  obtain,  nor  can  we  do  more,  the  foUowi 
equation  to  D  in  terms  of  x; 

fL^l^  V2aD-.D-  +  ^Y  2arc8in.A/£ 

a'  /     /2Q«+6        \ 

= X  arc  COS.  f  ^  /  — jL-L«   x  «  • 

And  suppose  we  could  get  D  from  this,  in  terms  of 
COS.  X,  we  have  then  to  obtain  P  C  by  similar  tri- 
angles, and  then  by  another  integration  to  obtain 
P  I,  in  order  to  have  the  curve  V  I  K. 

But  if  we  proceed  otherwise,  and  instead  of 
working  by  quadratures,  take  v  the  velocity  of  the 
body  at  I,  or  in  the  straight  line  at  D,  and 
make  c  the  area  described  in  a  second,  and  8 
the   angle   V  C  I,    we  obtain  as   a  polar  eqiia- 

c  d  X 

tion  to  V  I  K,  d  0  =:  ^    ,   .        -  (^ beingin 

X  jj4i  x^  I?"  —  c* 

this  case  both  C  D  and  the  radius  vector).  Then, to 
apply  this  general  equation  to  the  case  of  the  centri- 
petal force  being  as  — ,  let  the  force  at  the  distance 

re® 

1  be  put  equal  to  unity,  and  supposing  the  velocity  of 
projection  to  be  that  acquired  in  falling  from  an  in- 
finite height,  the  equation  to  the  trajectory  becomes 

c  d  X  .  c 

do  =:   ,  and  integrating,  0=  — -== 

x^4-c«  ^         ^  ^4-c' 

X  log — . 

a 
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The  whole  subject  of  centripetal  force*,  inv^rii^ 
and  direct^  under  the  four  head-  which  w*;  Ij^-gari 
by  stating^  is  therefore  discu-.sed,  but  ai-jvay*  lijion 
the  assumption  that  the  bodies,  ac'frd  upon  mow;  in 
orbits  which  remain  at  rest^  and  thu^  rhar.  th«:  axi'* 
of  the  curve  which  they  describe  rfrrnairi-.  f^onsfantly 
in  the  same  position.  A  not  h«r  subject  o  f  i  n  ^j  i  i  rj-  i  s 
presented  to  us  if  that  axi.-s  itsfrlf  mov'--.,  r'.-.oMng 
round  the  centre  of  force?-,  and  w-r  ;tr»:  r*:qiiir»-d  to 
ascertain  the  line  in  which  th>;  bo<iy  rnov^s  in  ihi'-. 
moving  orbit,  as  related  to  the  line  (h'^cri-.^-il  by  a 
body  in  a  fixed  orbit,  or  conv-f.-r-ifrly  to  ^A-.c^Ttain  the 
motion  in  the  two  orbit*.  Thi-j  -uoj^-ct  (livifl»fs 
itself  into  two  branches,  according  as  tlie  planes  in 
which  the  morions  are  performed  pass  tlirouc/li  the 
centre  of  forces  or  not.  Motions  in  the  plan^is  of 
the  centre  form  the  subject  of  the  Nintii  .S«':tiou; 
the  Tenth  treats  of  motions  in  ecrroiitric  planes. 
Under  the  former  division,  a  principal  objrct  of 
investigation  is  that  which  in'leed  mt-aftures  the 
orbit's  motion,  and  h  identical  wi:li  it,  the  inution 
of  the  apsides ;  that  is,  the  position  successively 
taken  by  the  two  points  of  the  revolving  orbit, 
where  the  tangents  are  perpendicular  to  the  axis, 
and  where,  consequently,  the  moving  boily  bogin^ 

r2 
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to  come  back  towards  the  centre  from  its  greatest 
distance  in  that  direction  of  the  axis ;  wbile^  under 
the  latter  division  of  the  subject,  a  main  point  of 
discussion  is  the  vibration  of  penduhims. 

i.  If  a  body,  revolving  round  a  centre  of  forces, 
is  acted  upon  laterally  by  any  other  force  beside  the 
centripetal  and  the  centrifugal  (or  tangential), 
though  the  centre  may  remain  fixed,  the  orbit  will 
not  remain  so.  The  axis  of  the  curve  described  will 
move  forward  or  backward,  according  to  the  direc- 
tion of  the  disturbing  force.  This  motion  of  the 
axis  is  considered  as  a  revolving  motion  of  the 
orbit,  and  is  the  subject  of  our  present  considera- 
tion. The  greal  practical  importance  of  the  inquiry 
will  presently  be  shown.  Suppose  a  body  moves 
in  an  ellipse,  the  centripetal  force  being  inversely  as 
the  square  of  the  distance ;  the  centrifugal  force  is 
in  the  direct  pro|X)rtion  of  the  square  of  the  velocity 
and  the  inverse  proportion  of  the  distance,  jointly; 
that  is,  {a  being  the  distance,  and  v  the  velocity  in  a 

circle,)  as  — ;  and  u  being  as  — ,  the  centrifugal 

a  a    . 

force  is  as  —  ,  "or  inversely  as  the  cubes  of  the  dis 

tances.     A  C  B  is  the  fixed!*ellipse  ;  a  C  6,  the  one 
described  by  the  body  under  the  influence  of  a  dis- 
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turbing  force,  or  in  any  other  way  made  to  move  in 

an  orbit  whone  axis,   h  S,  or  line  joining  tlie  ap- 

feHlei  A,  H  and  a,  b,  in  revolving  round  S.     Sup- 
it 


po^e  the  angular  motion  of  the  M^eond  ellipM>  to  be 
ia  a  given  proportion  to  the  motion  of  the  body  in 
thefirHt,  or  tliat  n 2>  being  equal  to  S  P,  the  angle 

B  S  P  iit  —  of  the  angle  /;  S  p.    'I'he  diflTerence 
II 

of  the  centrifugal  forcen  of  the  two  bodien  muitt 
li^  equal  to  the  dilTerenec!  of  their  eentrii>c?tal 
lbrei«fi.  (idling  T  and  /  the  eeutrifugal  force* 
in  the  fixed  and  moveable  orbit h  respectively ;  C 
tnd  « the  eiMitripetal  foreeH;  'I'  —  /  =  (*  —  r,  and 
c=:  C  +  /  —  T.  Bui  'I'  :  /  in  the  proportion 
of  the  squares  of  the  veloctitius,  or  of  the  angular 
nwtions,  that  is  as  wi'  :  w'  and  'I'  —  /  :  /  :  :  ;/*■  — 
*!*:  n\  and  bceause  tiie  eeutrifugal  forecs  are  at 
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different  distances,  inversely  as  the  cubes  of  those 
distances,  therefore  the  difference  of  those  forces  in 
the  two  orbits,  being  in  a  given  ratio  to  either  of 
them,  must  be  inversely  as  the  cube  of  their  com- 
mon distance  from  the  centre,  or  of  the  altitude  of 
the  revolving  body  in  its  orbit.  Hence  it  follows 
that  d  being  the  common  altitude  or  distance,  and 
P  the  parameter,  the  force  required  to  move  the 

body  in  the  moveable  ellipse  is  as  —  v — -^ — ^: 

and,  conversely,  if  such  is  the  force,  the  motion  will 
be  in  a  moveable  ellipse :  and  again,  if  a  be  the 
transverse  axis  of  the  ellipse,  the  forces  in  the  fixed 
and  in  the  moveable  orbit  will  be  to  each  other  as 

and h  r  jj L .     Hence,  m  order 

that  a  body  may  move  in  a  moveable  ellipse,  or  an 
arc  which  advances  or  moves  round  in  the  direction 
of  the  body's  motion,  the  centripetal  force  must  vary 
in  a  higher  proportion  than  the  inverse  square  of  the 
distance,  but  less  than  the  cubes;  and  that  the  body 
may  move  in  a  retiring  ellipse,  or  an  arc  which 
moves  round  in  a  direction  contrary  to  that  of  the 
body,  the  centripetal  force  must  vary  in  a  less  pro- 
portion than  the  inverse  square  of  the  distance. 
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atall.  Again,  if  f  :  0  : :  363  :  360,  or  the  lineof  the 
apsides  advances  three  degfrees  in  eadi  revolution, 
then  the  centripetal  force  is  between  the  inverse 
square  and  inverse  cube  of  the  distance,  but  much 

nearer  the  former,  for  —  —  3  becomes  nearly  equal 


to  2tTT»  or  about  2Vr.  But  suppose  the  excess  of 
the  angle  between  the  axes  in  one  orbit  over  that 
angle  in  the  other  orbit  to   be  only  11"   63'",* 

then  —  —  3  becomes  equal  to  —  2^^,  or  —  i^, 
and  the  force  as .     In  like  manner,  if  some 
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extraneous  force  is  impressed  upon  the  revolving 
body,  from  knowing  the  amount  of  that  force  we 
can  find  the  motion  of  the  apsides,  and  conversely. 
It  is  found  by  following  the  method  of  Sir  Isaac 
Newton,  that  the  advance  in  a  single  revolution 
on  the  supposition  of  the  disturbing  force  being  to 
the  centripetal  force  as  1  to  357*45,  is  equal  to 
1°  31'  28". 

*  The  amount  of  12"  is  often  given  for  the  advance  of  the 
axis  of  the  earth^s  orbit ;  but  we  have  followed  Laplace's  number 
of  36"  7'",  which  on  the  sexagesimal  scale  is  11"  89,  or  11"  53"'. 
This  small  difference  makes  a  difference  of  1000  years  in  the 
total  revolution. 
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Now  it  is  found  that  in  the  planetary  motions 
these  variations  of  the  centripetal  force  actually  take 
place.  The  action  of  the  sun,  for  example,  upon 
the  moon,  while  slie  is  acted  upon  by  the  eartli  in 
some  parts  of  her  orbit,  coiticides  with  that  of 
the  earth,  and  in  Kome  part»  oppot^eis  thitf  action, 
alternately  adding  to  and  taking  away  from  the 
force  of  her  gravitation  towards  the  earth;  and  this 
increase  and  diminution  i^  greater  at  the  greater 
distances  of  the  moon  from  the  earth.  Hence 
the  proportion  of  the  eentrii><»tal  furce  which  keeps 
her  in  her  orbit  is  somewhat  different  from  the 
exact  ratio  of  the  inverse  squaro  of  the  distance. 
Tliere  is  mon»  taken  away  from  thisr<MitrijH*tal  force 
by  the  sun*s  a(*tion  while  the  bodies  are  placed 
towards  each  other  in  one  direction,  thun  there  in 
added  when  in  the  other  position,  and  therefore  there 
is  a  total  diminution  of  the  moon*H  gravitation,  or 
the  centriiKjtal  force  <lecreases  in  a  somewhat  higher 
ratio  than  as  the  sc^uare  of  the  distance  increas4;s  ; 

that   is  the   denominator    of  the   expression  -^-  is 

greaterthan  thisexact  jKjwer  of  ^/,  which  we  have  seen 
k<H;ps  the  orbit  and  its  axis  AxcmI  uitli  respect  to  the 
centre,  which  in  this  ca'^o  is  the  centre  oi*  the  earth. 

k3 
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Hence  this  axis  of  the  moon*s  orbit  revolves  in  the 
direction  ofthe  nioon*s  motion,  and  in  a  certain  period 
makcH  a  complete  revolution ;  so  that  at  onetime^half 
this  period,  the  moon's  greatest  and  least  distances 
from  thcearth  (her  apogee  and  perigee)  havecbanged 
places,  and  at  the  end  of  the  period  they  resume 
tlieir  former  position.  The  amount  of  this  motion 
of  her  apsides  is  about  3®  in  each  revolution,  or  39 
in  a  year  ;  so  that  the  axis  of  her  ellipse  revolres 
in  nine  years ;  and  the  centripetal  force  is  not  as 

"fi  but    .,  I    ,  nearly  the  proportion  above  shown  to 

belong  to  a  progression  of  the  apsides,  equal  to  3' 
in  a  revolution.  In  like  manner  the  orbit  of  the 
earth  is  not  immoveable,  owing  to  the  disturbing 
forces  of  the  larger  planets,  Jupiter,  Saturn,  Mars, 
and  Venus.  But  the  disturbance  here  is,  of  course, 
incomparably  more  minute,  llie  apsides  of  the 
earth's  orbit  only  move  11"  53'"  in  the  year,  instead 
of  39** ;  and  the  expression  for  the  centripetal  force 
is  therefore,  as  we  have  seen  above,  the  inverse  not 

of     d*  i  but  of  d'    '        The  axis  of  the  earth's 

•"  90,000 

orbit  thus  resolves  in  a  period  of  about  109,060 
years. 


It  i>,  hoi*«:V'-r,  to  Ur  f,\r'.*'r^*^fl  t\i'Af,  alfhr#iijffi  Uii". 
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frrOII«*0'l>,         'ill**    ^\ii**lltt:!i*  '.    .•Jlj'I    ifMrtho'lt    in    tJj<? 

I'ortN -fiitli   projio-.i'iofi  nwi    ,*^  »oro]Iiii.<--  ;ifi'  rjuitif 
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S«'\*'nlh,  iiii'l   l^j;.jfith  '-o/oJhjf  J*-;   of  ;.«:fM:r;J   ;i]ij/li- 
»'i«tioii  ;  ;jii'j  fXMj  in  tin-  |iifij/i-ition  nhc  I'*</iiri<'(-ntli 
♦>i  t|:i''J  ijjnl  li'/okyifj  •Ahi'ii  |j<' :iflff-rn   tli:i!  t}|i':ij;ii<:IIa 
dfi'l  nvl'-    ol"  ?li<-  Of  fijtH   :in"  :J    r«'-1,  lii-  i«'|i'i  ■.  to  lii- 
«"^5i;iji';»  ■  ill  J  iij;.'  fronj  «Jr-tiiiliiijj/ |«/n'«'     '•^liijcin  tin; 
v'holi'ifii  Uiii'  irorii<'(lt:iii't\  folJov.-  Ii«'  i-xji/^-'.'Jv.lati'H 
tjic  riM/ JOii  oi  i;i(':f  jiht-liofi  ot  .Mai  *,  anfl  ('olUrriif  ffOI 

then*!-  il*;i!  of  tiji-  \'\u\\\\,  Vi'ijij-,  anil  Mercuryj 
*lii.'  I'l-A   ..lii'i.  ii';Miiji!i-    tlic  motion  of 

'  \\*tt.^.  Ilitt.  A«t,  lon.ii. 


372  PRIKCIPIA. 

namely,  the  aeaquiplicate  proportion  to  the  distances. 
By  this  he  makes  the  motion  of  the  Earth's  aphelion 
17' 40"  in  a  century,  or  10''  36'"  yearly,  being  not  a 
second  and  a  half  different  from  what  it  is  now 
understood  to  be. 

The  calculation  of  the  motion  of  the  moon's 
apsides,  however,  which  he  deduced  from  these 
propositions,  differed  widely  from  the  truth.  He 
made  it,  as  we  have  seen,  amount  to  little  more 
than  a  degree  and  a  half  each  revolution,*  or  about 
one-half  of  the  truth;  and  for  the  discrepancy  be- 
tween the  theory  and  the  phenomena  he  seems  to 
have  failed  in  accounting.  Others,  in  the  earlier 
part  of  the  eighteenth  century,  having  applied  to  the 
subject  a  different  investigation,  but  founded  upon 
his  principles,  obtained  a  different  result,  but  erring 
by  excess,  for  they  made  the  motion  3°  27'  each 
revolution,  or  nearly  45°  in  the  year  instead  of  39^. 
About  the  year  1745  the  three  great  mathemati* 
cians  of  that  age,  Clairaut,  Euler,  and  D'Alembert, 
investigated  the  subject;  and,  applying  the  whole 
resources  of  analysis  to  its  discussion  as  a  case  of  the 
problem  of  these  bodies,  obtained  general  solutions 
of  great  beauty.  However  they  still  found  the 
theory  differ  with  the  fact  nearly  as  much  as  New- 

*  1©  31'  28": 
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ton  himself  had  done:  and  CltUTBui  wa*-  oven 
drifen  br  this  to  devise  a  new  lav  for  liie  purpow 
1^ explaining  the  apparent  discrepancy.  I^o  sup- 
posed the  centripetal  force  to  Ih-  no:  as  -^  bu:  as 

-jl  4-  -jT.  In  a  rerj"  short  time,  however,  hv  can- 
didly gave  up  this  theor}%  and  announced  the  im- 
portant fact  that  he  had  found  the  u  hole  error  to 
arise  from  his  having  in  liis  approximation  nee. 
lected  some  quantities  as  extremely  minute,  and 
supposing  they  could  not  affect  the  result,  whereas 
one  of  the  quantities  upon  which  the  result  mainly 
depends^  having  a  small  numerator,  is  nearly  dou- 
bled by  the  introduction  of  the  quantities  omitted. 
Upon  again  going  through  the  investigation  with- 
out the  omissions^  this  great  geometrician  had  the 
satisfaction  of  finding  that  the  result  made  the  mo- 
tion of  the  moon's  apsides  agree  with  the  fact;  and 
'both  Euler  and  D'Alembert  now  found  that  in  Iheir 
solutions  they  had  fallen  into  the  same  error. 
Laplace  has  since  in  his  great  work*  given  a  com- 
plete investigation  of  the  problem,  and  ihe  results 
to  which  he  is  conducted  by  the  theory  arc  also 

*  M^c.ai.liT.vii.s.  IG. 
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most,  satisfactory.   He  finds  the  amount  to  difler  only 
one  four  hundred  and  forty-fourth  part  from  that 
given  by  observation,  which  reduced  to  our  sexage- 
simal  degrees,  is  only  a  difference  of  24"  12'"  from 
the  observed  amount.     His  solution  in  the  case  of 
the  nodes  does  not  come  so  near  the  observation; 
it  Is  only  correct  within  the  350th  part ;  and  yet  the 
success  of  the  theory  in  the  case  of  the  nodes  was 
always  reckoned  its  great  victory  in  the  hands  of 
its  author,  while  the  case  of  the  apogee  cast  some 
doubt  upon  it.     Laplace  made  a  discovery  in  the 
course  of  this  inquiry  of  a  similar  variation  in  the 
apogeal  movement,  and  that  it  becomes  slower  at 
the  rate  of  15"  in  100  years,  which  the  recent  ob- 
servations confirm. 

It  was  certainly  impossible  for  the  Newtonian 
theory  to  obtain  a  more  brilliant  triumph.'*'  But 
it  deserves  to  be  mentioned,  that  the  statement 
made  by  Bailly  is  even  more  incorrect  upon  this 

♦  For  Clairaut*8  papers,  see  M6m.  de  I* Acad,  def  Sciences, 
1745  and  1748.  But  there  is  an  admirable  paper  of  the  tamf 
illustrious  mathematician  on  the  motions  of  the  orbits  m  the 
Mirm.  fur  1754.  The  first  cited  volume  contains  both  Clairaat 
and  D*Alembert's  famous  investigation  of  the  problem  of  the 
three  bodies  to  which  reference  is  made  in  the  text  as  having  been 
undertaken  by  them  and  Euler  at  the  same  time. 
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subject  of  the  moon's  apsides  than  upon  the 
motion  of  the  planetary  axis.  He  asserts  tiiat 
Newton  represented  the  theory  as  '*  giving  the 
quantity  of  the  moon  s  apogeal  motion  with  exact- 
ness;*' and  that  this  having  been  a  mere  dictum  of 
his  without  a  demonstration,  philosophers  waited 
to  find  it  proved  by  subsequent  inquirj;,  as  the 
theory  had  been  on  so  many  other  points.  Tlie 
great  inaccuracy  of  the  substance  is  assuredly  not 
rendered  the  less  distasteful  by  the  manner  of  this 
statement.  "  II  avait  souvent  parle  d  la  manicro 
des  prophetes  qui  disent  ce  qu'on  ne  pent  voir : 
alors  c'est  la  foi  qui  croit^  il  faut  que  la  raison  so 
soumette."  {Hist,  de  VAstran.  iii.  150.)  Newton 
never  asserts  anything  which  may  not,  from  what 
he  himself  lays  down,  be  strictly  denionstratod. 
He  certainly  leaves  much  to  be  supplied;  but 
he  never  leaves  the  reader  who  would,  with  duo 
knowledge  of  the  mathematics,  follow  his  rea- 
sonings to  trust  his  word.  Even  the  scholium  at 
the  close  of  the  Lunar  theory  (after  Projjo.vt'fiou 
XXXV.  J5.  iii.)  where  more  of  tlic  investigation  is 
omitted  than  perhaps  in  all  the  rest  of  the  Priiicipia 
together,  may  be  followed  argumentalively  by  a 
learned  and  diligent  reader,  as  the  Jesuits  have 
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shown  in  their  inimitable  commentary  upon  it. 
But  touching  the  particular  instance  referred  to  by 
Bailly,  nothing  can  be  more  contrary  to  the  &ct 
than  his  statement.  Sir  Isaac  Newton  in  the 
general  proposition  which  we  analyzed  above^  after 
finding  that  any  body  acted  upon  by  a  disturbing 
force  in  the  given  proportion  to  the  centripetal^  will 
have  by  the  theory  a  progressive  motion  of  its 
apsides  equal  to  F  31'  28'',  although  he  had  not 
in  the  whole  corollary  made  any  particular  appli- 
cation to  the  moon's  motion,  adds,  ''the  apsis  of  the 
moon  has  a  velocity  twice  as  great  nearly'^  (apsis 
luna5  est  duplo  veloci  circiter),  {Cor.  2.  to  Prop.  xlr. 
jB.  i.)  ;*  and  tliough  in  the  proposition  in  which 
he  applies  his  theory  to  find  the  disturbing  force  of 
the  sun,  (kxv.  B.  iii.)  he  finds  it  to  be  to  centripetal 
force  as  1  to  178^  nearly  (or  double  what  he  had 
argued  upon  in  the  former  proposition),  he  is  so  far 
from  deducing  from  thence  any  inference  that  the 
apsides  by  the  theory  move  3**  in  each  revolution 
that  he  makes  no  application  at  all  of  the  propo* 
sition  to  finding  their  motion ;  but  in  the  celebrated 
scholium  where  he  sums  up  all  the  disturbances,  in 

*  It  is  remarkable  that  these  words  are  not  in  the  first  edition 
of  the  Principia. 


j'RiNciprA.  ')77 

timling  of  this  motion,  ho  exprofwly  nhowH  ihiit  it 
only  fommout  to  ho  imyihiiig  like  tho  tnin  motion 
of  tP  by  an  aiwiiniption  roiitrnry  to  tho  theory; 
ihat  in,  by  taking  not  the  tnio  equiition  to  tho  Mun*fi 
moan  motioni  hut  tho  oqiiation  on  the  hy])othoHiH 
of  itf  following  tho  invorno  triplicntcf  ratio,  'i'ho 
wonU  hIwvo  qnotc<l  from  tho  gonoral  |)ro]Mmition 
upon  tho  apiii(h*H  in  tho  firHl  hook,  are  quite  Hufli- 
cient  to  protect  Newtoii*H  nioniory  from  any  mieh 
afi|)oniion  an  that,  now  undor  e^)nMi(h)ration. 

It  may  further  l)e  r(*uiurke<l,  that  l)ailly*ii  gene- 
ral crhimm  on  Newton*fi  whole  invoHtigation  of  tho 
moon*a  motion  in  Ningularly  unfortunate,  lie  re- 
proMMits  him  aH  having  only  given  a  rough  Hketeji 
of  ihoMubjoet  whiehhelen  otherH  to  fill  up;  and  he 
HayN,  that  thin  iH  the  part  of  Newton*H  work  nnmi 
involved  in  olMeurlty;  that,  ronecaling  the  route  he 
)iiirfiUo(U  ho  plainly  Iuih  not  taken  the  problem  in  itn 
full  cxtoiit,  but  only  hhown  generally,  and  by  a  few 
fxamplon,  thai  thoNo  irregularitieN  eould  be  de- 
duord  from  the  theory  ;  though  he  renderH  ample 
iuNtice  to  NewtonV  tranMoenilent  meritN  in  other 
ro«iM!CtN.  Hut  here  Hailly  ban  a  far  higher  au- 
thority than  hiM  own  agaiuMt  him.  juntly  an  Imn  own 
nanu*  in  held  in  roMpiMt.      Laplarr,  who  in  hii  ear- 
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lier  works*  had  seemed  not  sufficiently  impreflsed 
with  the  inestimable  value  of  that  part  of  the  Prin* 
cipia,  and  had^  while  he  distinctly  gave  the  work  at 
large  the  '^  pre-eminence  overall  other  product  ioni 
of  the  human  understanding/'  appeared  to  regard  the 
theory  of  disturbed  planetary  motion^  and  especially 
of  the  moon's  motion^  as  a  sketch  left  for  others 
to  fill  up  when  the  calculus  should  be  more  im- 
proved, in  his  last  work,  the  concluding  part  of  the 
Mecanique  Celeste,  published  the  year  before  his 
death,  distinctly  declares  this  very  portion  of  the 
Principia  to  be  among  the  greatest^  if  not  the  greatesti 
monument  of  the  author's  genius.  ''  Je  n'hesite 
point  a  les  regarder  (recherches  sur  la  theorie  de 
la  lune)  comme  une  des  parties  les  plus  profondei 
de  cct  admirable  ouvrage.^f 

It  remains,  however,  that  we  mention  an  unac- 
countable statement  of  the  truly  great  geometriciao 
whom  we  have  last,  cited.  In  treating  of  the  history 
of  the  lunar  theory,  he  says  that  Newton,  when 
seeking  the  correction  of  the  sun's  disturbance  of 
tlie  moon's  gravitation  towards  the  earth, ''  sup- 
poses that  disturbance  to  be  -^f  of  the  moon*8 

*  Syitlme  du  Monde,  liv.  v.  chap.  5. 

t  M4c.  C61.  li¥.  xvi.  chap.  1 1  published  in  1825. 
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{TMrity,  or  that  which  renultn  from  the  obfler\'ed 
mount  of  the  lunar  apogee/*  (Jtfi^c.  C^L  lib.  xv, 
Aap.  Is)  For  thin  lie  referH  to  Book  iii.  Prop,  iv  of 
lie  Principia^  which  in  evidently  a  wrong  re- 
brence,  that  proposition,  and  indeed  that  part  of 
ht  book,  treating  of  other  injbjectf».  Nor  can  any 
plaee  Ije  found  which  Laplace  could  have  had  in 
lis  view,  except  the  Twenty-finit  propo»ition  of  the 
rhird  book,  in  which  the  sun'ft  disturbing  force  on 
lie  nioon*K  motion  in  investigated.  But  rcffpecting 
:hat  proiKwition,  it  is  wholly  inaccurate  to  say  tlial  he 
there  makes  any  hypothesis  or  assumption  of  the 
proportion  between  the  disturbing  force  and  the 
saoon's  gravity  ;  for  he  deduces  the  proportion  of 
I  to  178{2i  (or  which  is  nearly  the  same  thing,  2  to 
357*;  from  the  duplicate  ratio  of  the  periodic  times, 
and  deduces  it  as  a  consecpicnce  of  the  Seventeenth 
corollary  to  the  Sixty-sixth  proposition  of  the  First 
bookr  which  corollary  comes  ens'ily  from  tlie  Second 
eoroUary  of  the  Fourth  profKiHition  of  the  First  IxKik. 
It  is,  tberefore,  wholly  impo.s.^ible  to  represent  that 
pOHtion  as  a  mere  assumjHion  to  suit  the  obser%'ation 
of  the  moon's  actual  variiitions. 

ii.  'riie  next  subject  of  consideration  is  the  motion 
of  bodies  along  given  surfaces,  not  in  planes  passing 
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through  the  centre  of  forces,  to  which  case  our 
inquiries  have  hitherto  been  confined. 

Let  a  body  move  in  any  plane  in  a  trajectory,  by 
a  force  directed  towards  a  centre  out  of  that  plane, 
and  we  are  to  examine  its  motion  under  two 
beads,  as  we  did  the  motion  of  a  body  when  the 
centre  was  in  the  plane  of  the  trajectory ;  that  is, 
first,  the  curve  described  by  the  given  force,  and' 
next  the  force,  with  the  velocity,  when  the  curve 
is  given. 

p 


For  this  purpose,  call  the  perpendicular  S  C  to 
die  plane  from  S  the  given  centre,  p,  this  being  the 
shortest  line  from  the  point  to  the  plane ;  the  distance 
S  P  from  the  centre  to  any  point  P  of  the  curve  D; 
the  distance  C  P  =  d  of  that  point  P  to  the  centre 
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in  the  plane,  that  is,  to  the  point  C  uIhto  p  falU  on 
the  plane  ;  and  let  F,  tlie  central  force,  bo  ropn'sentiMl 
by  II 8.  It  is  evident  that  the  forro  It  S.  acting  in  the 
lino  P  S  (without  the  plane),  \%  compoundiHl  of  two, 
K  K  and  S  K,  of  which  R  K  only  can  have  any  cfTcvt 
on  the  motion  in  the  plane,  the  other  S  K  which  tcndn 
todraw  the  body  out  of  the  piano  hein^  by  the  sup- 
potition  nothinf(j  because  the  bodyniovoH  wholly  in 
the  plane  C  PB  £.  But  by  similar  triancFlos.  H  K  = 

S  R  X  C  P       1  \  d      , 

p^T =     1^    ;  therefore  if  the  proportion  o( 

the  centripetal  force  to  the  distance  be  known,  that 
i»,  if  F  =  I>,  R  K  =  (I.  \)'-\     But  \y  =  //•  +  ;." 


and  D  r=  ^r/*  +  //*;  therefore  R  K,lln»  force*  aetinjy 


1  ■  I 


at  P  towards  the  rentre('.  in^tl  x  (''*  •♦/'*;  «  • 
which  gives  it  in  terniH  of  the  distanee  (*  I*,  and  tlie 
given  line  S  ('.  Thus  if  the  <M*iitral  force  is  an  tin* 
distance  S  P.  the  force  actiii»(  lowanls  the  crnln» 
becomes  erpial  (or/,  or  as  (hedlHtance  on  tlii<  plam*. 
So  if  the  central  force  is  inversely  as  ihf  distance, 
then  u  ^  --^  2.  and  the  forr<}  to  the  centre  on  ilii« 

plane  is  jj,  or  ;y,~  ,.  J'»d  if  it  ii  invernily  an  tin* 
square  of  the  distance,   the  force  on   the  pjaiif  is 
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^.     But  the  central  force  being  given  in 


the  plane,  the  investigation  is  reduced  to  that  for- 
merly explained  for  finding  motions  and  trajectories 
when  the  centre  is  in  the  same  plane  with  the  motion. 
Hence  in  the  case  first  put,  of  the  force  towards  S 
being  as  D,  and  the  force  towards  C  being,  conse- 
quently, as  rf,  it  follows  from  what  was  formerly 
shown  respecting  motion  in  the  same  plane,  that  the 
curve  described  on  the  plane  of  the  centre  C,  or 
P  B,  in  this  case  is  an  ellipse ;  that  the  times  in  which 
the  ellipse  is  described  will  be  the  same  in  whatever 
plane  the  bodies  move ;  and  that  if  the  ellipse, 
by  lengthening  its  axis  indefinitely,  becomes  a 
straight  line,  the  vibrations  of  the  body  in  that  line 
will  be  performed  in  equal  times  to  and  from  the 
centre  on  both  sides  of  it. 

By  a  somewhat  similar  process  we  find  the  motion 
and  trajectory  of  a  body  moving  on  a  curve  surface 
by  a  force  directed  towards  a  given  centre  in  the 
axis  of  the  solid  of  revolution  which  forms  that 
curve  surface.  It  is  first  shown,  that  if  from  any 
point  of  the  trajectory  P  g*  H  on  the  curve  surface 
(which  being  a  curve  of  double  curvature  we  shall 
call  the  double  curve),  a  perpendicular  g-  o  be  dra^ 
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to  the  axi»  C  S,  and  from  any  other  jiohit  of  the 
axis  there  be  drawn  a  line  equal  and  parallel  to  g  o, 
as  Cy/f  Cjp,  will  describe  areas  proportional  to  the 
times.  By  means  of  tliis  proposition  and  the  former 
ones  respecting  motion  in  the  same  plane^  we  are 
enabled  to  find  the  curve  Pyy  h  on  the  plane  P  B  E, 
the  {>oints  of  which  curve  are^  as  it  were^  a  projec- 
tion of  the  trajectory,  or  double  curve^  P^H  on 
that  plane;  and  having  found  PyyA,  the  double 
curve  is  found  by  drawing  perpendiculars  to  the 
plane  P  B  E,  from  the  curve  P  p  h  to  the  curve 
surface  P  ii  V*,  whose  fomi  is  given.  Thus  supj)ose 
the  solid  to  be  a  cylinder^  in  which  case  the  curve 
P/;  A  will  be  tlie  circle  wliich  is  the  si'ction  of  the 
cylinder;  then  if  the  central  force  acts  (by  S  being 
removed  to  an  infinite  distance)  in  lines  parallel  to 
the  axis,  and  we  suppose  the  body  to  begin  its 
motion  in  the  doul)le  curve  P^r  11,  witli  tlie  same 
velocity  as  that  f^iven  or  ccMitral  velocity,  with 
which  it  would  describe  V ph,  the  double  curve  is 
lound  by  taking  the  ordinal es  p  g  in  a  given 
proportion     to    the   scpiare    of   the   circular  arch 

P  ;;,   or  as      x_  ;    and    consequently    P  z,*^  11    is   a 

w 

species  of  (piadratrix  described  on  a  cylinder. 

The  motion  of  pendulums  is  evidently  a  case  of 
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motion  in  a  curve  surface  by  a  force  directed 
towards  a  point  in  the  axis  of  the  solid^  of  which 
solid  the  curve  described  by  the  pendulous  body  is 
a  section ;  and  Sir  Isaac  Newton  discusses  this 
subject  fully.     As  subservient  to  this  inquiry,  he 

r 

gives  some  important  properties  of  the  cycloidi  or 
rather  of  the  hypocycloid  and  hypercycloid,  for 
be  is  not  satisfied  with  the  investigation,  which  iB 
sufficiently  easy,  of  the  ordinary  cycloid's  properties, 
the  curve  described  by  a  point  in  a  circle  or  wheel 
running  along  a  straight  line,  but  examines  what 
is  more  difficult,  the  properties  of  the  hypercycloid 
and  hypocycloid,  or  the  curves  described  by  a  wheel 
moving  on  the  convex,  and  the  concave  great  cffcle 
of  a  sphere  respectively.  Of  these  properties  the 
most  important  is  this.  If  D  be  the  diameter  of  the 
sphere,  and  d  that  of  the  wheel,  the  length  of  the 

hypercycloid  is  equal  to  four  times  yr  x  (D  +  d),ox 

four  times  the  length  of  a  fourth  proportional  to  the 
sum  of  the  two  diameters,  the  wheel's  diameter  and 
the  sphere's.  It  is  then  shown  how  a  pendulum 
may  be  made  to  vibrate  in  a  given  cycloid,  or  rather 
hypocycloid,  namely,  by  taking  a  distance,  which 
is  a  third  proportional  to  the  part  of  D,  which  the 
hypocycloid  cuts  off  (that  is,  the  distance  of  the 
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bjrpereycloid  from  the  centre  of  the  sphere)  and 
y;  and  from  that  distance  S  so  found,  drawing 

two  cycloids  touching  the  sphere,  or  its  great  circle, 
ind  meeting  in  the  point  so  found.  If  to  that  point 
%  a  flexible  line  or  thread  be  attached  and  bent 
NMjnd  one  of  the  cycloids  S  P,  it  will  unrol  itself 
ind  tlien  bind  itself  round  the  other  cycloid  S  P, 
ind  its  extremity  will  describe  the  cycloidal  curve 
P  P  required,  one  of  whose  properties  is,  that  all 
he  vibrations  in  its  arclics  are  perfonrKKl  in  equal 
:imes,  however  unequal  the  lengths  of  these  ares 
may  be,provide<l  that  the  centripetal  force  is  in  each 
part  of  the  curve  directly  as  the  distance  from  the 
rentre,  and  that  no  other  force  acts  on  the  moving 
body. 

But  the  same  solution  may  be  generalized  and 
ipplied  to  any  p;iven  curve  whatever ;  for  the  curves 
bund  and  alouf;  which  the  flexible  line  i.s  traced 
ind  from  which  it  is  then  unrolled,  arc  the  evolutes 
of  the  given  curve,  and  are  found  in  each  case  by 

VOL.  II.  8 
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means  of  the  radius  of  curvature^  being  the  curve 
formed  by  its  extremity,  or  the  locus  of  the  centres 
of  the  osculating  circles  to  all  the  given  curve's 
points.     If  the  curve  in  which  the  body  is  to  move 
bo  a  circle,  the  evolute  is^  of  course,  a  point,  the 
centre  of  that  circle,  the  radius  of  curvature  being 
that  of  the  circle.     If  the  curve  is  a  conic  parabda, 
it  will  be  found  that  the  evolutes,  or  the  lines  from 
which  the  pendulum's  thread  must  wind  oflT,  arc 
cubic  parabolas,  whose   equation  is  y'  =  (|x)*, 
the  length  of  the  pendulum  being  unity.      The 
only  case  of  the  problem  investigated  by  Sir  Isaac 
Newton  is  that  of  the  cycloid,  which  has  the  re- 
markable property,  that  its  evolute  is  an  equal  and 
similar  cycloid,  a  property  which  it  has  in  com- 
mon with  another  curve,  the  logarithmic   spiral, 
whose  tangent  makes  with  the  radius  vector  a  con- 
stant angle.     He  investigated  the  case  of  hypocy- 
cloids  and  hypercycloids,  rather  than  the  common 
cycloids..  I)ecause  it  is  that  of  the  earth's  gravity, 
which  above  the  surface  decreases  inversely  as  the 
square  of  the  distance  from  the  centre,  but  within 
the  sphere  increases  as  the  distance  simply. 

It  follows,  from  the  propositions  respecting  the 
vibration  of  pendulums,  that  the  times  of  the  descent 
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of  falling  bodies  may  be  compared  together  and  with 
the  times  of  vibrations  of  the  pendulum,  so  that  the 
time  of  a  vibration  round  a  given  centre  being  given, 
as  a  second,  the  time  of  tlie  falling  body*»  descent 
to  the  centre  of  forces  can  be  found,  or  the  equal 
time  of  vibration  in  the  circular  arch  of  90"^  with 
any  radius,     llie  time  is  to  tlie  given  time  as  1  to 

^ — ,  L  being  the  length  of  the  pendulum  and  D 

the  distance  from  tlie  point  of  suispension  to  the 
centre  of  forces;  and  since  D  become)»  infuiite  and 
the  lines  in  which  the  central  force  acts  parallel, 
tod  since  half  the  length  of  the  [K'nduluni  is  to  the 
line  fallen  through  in  the  time  of  one  vibration  as 
1  to  9,469  nearly  (the  proportion  of  the  sfjuare  of 
the  diameter  to  tliat  of  the  circumference;),  we  can 
<*asily  ascertain  the  force  of  gravity  at  any  ]>oint  by 
the  length  of  the  pendulum  vibrating  s^toiicIs.  It 
is  found  to  be  in  these  latitudes  alxiut  'MA  1,  conKC- 
qiu*ntly  a  body  falls  in  a  serond  throMgh  about 
IC  feet  9  inches. 

Hitherto  wc  have  only  considered  the*  motions 
and  trajectories  of  bodies  arlctl  up<in  by  forces 
directed  towards  a  fix<d  centre  whether  in  thf  planu 
of  their  motion  or  out  of  that  plane,  and  snpixising 

s-2 
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that  plane  either  to  be  fixed  or  to  be  moved  rou&d 
the  centre  of  ibrces.  Ikit  as  action  and  reaotioiiaTe 
equal  andopponte,  by  the  third  law  of  motion  origi* 
Daily  stated^  it  is  evident  that  the  case  of  a  fixed 
centre  cannot  exist  when  the  attraction,  which  ire 
call  the  centripetal  force>  proceeds  from  a  body 
placed  in  the  centre,  unless,  indeed,  some  counter^ 
acting  force  shall  fix  this  body  to  one  point ;  for  if 
no  force  exists  but  the  mutual  action  of  the  two 
bodies^  the  central  one  must  be  acted  upou  by  \\^ 
one  which  moves  round  it,  and  its  positiooi  must  be 
affected  by  this  action.  Hence,  for  example^  if 
there  were  only  two  heavenly  bodies,  M  and  E,  and 
tlie  one,  M,  moved  round  the  other,  E,  by  a  projectile 
fureeoriginally  impressed  upon  it,  theother,  E,  would 
also  move  round  M,  unless  the  mass  of  the  latter 
body  was  infinitely  small,  and  its  attraction,  pro- 
portional to  this  mass,  could  not  sensibly  affect  the 
larger  body.  Again,  if  two  bodies,  the  one  moving 
round  the  other,:both  together  .move  round  a- third, 
S,  tiie  action  of  tins  third  will  affect  the  motions  of 
the  other  two  relatively  to  each  other.  Thus  each 
smaller  system  will'  l^e  affected,  both  as .  to  the 
motions  and  orbits  of  the  bmlies  composing  it,  by.tbe 
action  of  the  .body  in  the  common  centre  pf.  the 


?N9 


^riiolf,  sod  iter  wH 
of  the  bodies  M  the  a( 


The  iaeiJnr.  tftiKetcrv.  u.v-.vies 

Mfinlotiro branches:  sTrtf-rhedidmoc^berwYv^B 

the  iBOCioDB  which  «e  have  hitherto  be«ii  coir52derinj|r 

when  the  centre  was  fixed,  and  the  actual  mocioas 

ofthesjsfein,asthatoi  the  moon  and  eaith  rvroiving 

round  each  other  with  a  moreabk  centre :  ^^ccitdhy 

the  still  more  important  dififerenee  between  the 

motions  already  considered,  and  the  actual  motions* 

which  difference  is  caused  bv  the  mutual  actions  of 

the  whole  bodies  on  each,  and   varies  both  the 

motions  and  the  orbits  of  all. 


i.  Suppose  two  bodies  mutually  attracting  each 
other  and  impelled  by  a  single  original  force  of 
projection,  as  E  and  M,  their  centre  of  gravity 
being  G ;  it  is  clear  that  if  M  moves  a  very  small 
space  to  m  by  the  attraction  of  E,  so  will  E 
move  to  e  by  the  attraction  of  M,  and  the  two 
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triangles  E  G  £;  and  M  G  m  will  be  similar  in  all 
respects ;  for  the  lines  M  G,  m  G  and  IE  G,eG  are 
proportional^  because  the  segments  of  the  lines 
E  M  and  e  m  are  always  in  the  same  proportion, 
G  being  the  centre  of  gravity,  and  those  segments, 
therefore,  inversely  as  the  masses  of  E  and  M. 
Therefore  the  curves  which  the  bodies  describe 
round  the  centre  of  gravity  will  be  entirely  similar. 
In  like  manner  they  will  describe  similar  curves 
each  round  the  other,  and  the  radius  vector  of  each 
from  the  other,  as  well  as  from  the  centre  of  gravity 
will  describe  areas  proportional  to  the  times.  It 
follows  from  this  and  from  what  was  before  shown 
respecting  centripetal  forces,  that  the  two  bodies 
will  move  in  concentric  ellipses  round  one  another 
and  round  their  common  centre  of  gravity,  if  the 
centripetal  force  is  as  the  distance,  and  that  each 
will  describe  one  or  other  of  the  conic  sections, 
having  the  other,  or  the  common  centre  of  gravity, 
in  the  focus,  if  the  centripetal  force  is  inversely  as 
the  square  of  the  distance.  In  like  manner,  because 
of  the  ratio  between  the  squares  of  the  periodic 
times  and  cubes  of  distances,  it  may  be  shown  that 
if  T  be  the  periodic  time  of  the  bodies  moving  round 
their  centres  of  gravity  and  t  the  periodic  time  of 
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M  moving  iu a Hiriiilar  fi|i|;ure round  E  atmt.T:/  : : 
^  K :  V  M  +  K;  and  if  these  bodiea  move  with 
forpw  ipiver»«ly  as  the  squares  of  tlie  dititances  round 
their  contrt-n  of  gravity,  if  A  W  tlie  greater  axis  of 
tlic  (-IlipiiG  dosci^bed  hy  M  round  E,  and  a  the 
(jrcutLT  axiH  of  iIil-  rllipiic  ii  would  describe  round 
K  at  ruMt  in  the  name  time,  and  if  M  -{-  K ;  in  :  :n  : 
L,  th<!n  A  :  ri ;  :  M  -t-  K  :  m.  Hence,  if  we  liave 
Uie  iH-'riodic  times  of  the  pliinctu,  we  can  find  the 
gieater  axe«  of  their  orbitit  by  taking  A^  to  W  in  the 
[.tujiurlion  of  'i'  to  /'  (the  elli£l^^  being  supposed 

described  round  the  sun),  and  multiplying  it  by-r;. 
So  the  niOHses  may,  likewise,  bo  found  from  the 

'I'hv  motions  and  paths  of  bodies  thus  Riutuully 
acting  are  now  to  be  considered,  and  first  onr 
nutlior  shown,  tliat  if  two  bodies  act  on  each  other, 
tnd  muvu  without  any  other,  or  foreign,  indiienco 
Wliale^er.thrirmut;,jn«ill  br  ibc  ,«»,««,  if.  i,.- 
I  one  anolher,  somu  third  l>ody 
a  tlie  centre  of  (j'''>*''y  ncted  upon  euch  of 
■  with  whir)i  euHj  artj*  on 
'ail  (but  re- 
kwhich  pre- 
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vailed  in  their  mutual  actions  when  referred  to 
their  distances  from  each  other.  Suppose  the  bo- 
dies M  and  fi.to  attract  with  forces <]^ectly  Bfifjtbieir 
masses  M  and  E,  and  inversely  as  any  power  not 
their  distances^  that  is  their  attraction  to  be  as 

ME 

1^,  and  ly,  and  that  the  distances  orf  the  ceiitre 

fi'om  M  and  E  are  C  and  c  respectii;ely  j  then  be- 
cause C:  c  ::E  :  M,  and  C  :  C  +  c  (or D)  : : E 
:  E  -h  M,  a  body  in  the,  centre  wjU  attract  M  with 

E  E  X  C- 

a  force  as  g;: ,  if  it   be  equad  to  '■  'jj.;,''  ;  thftt  is 

equal  to  /-i?  .  \j\« »  ^^^'  ^^  ^^^^  manner,  it  will 

m"'  . 

attract  E  with  a  force  equal  to  fyii^  if  it  be  ^ual  to 

E  +  M)"- 

If  n  is  2^  or  the  force  be  as  the  inverse  square  of 
the  distance,  the  body  placed  in  the  centre  will  he 


3 


M 
«qual  to  fE'-;   j^Ni?  *f  »^  =-*.!,  or  the  attraction  be 

directly  as  the  distance,  the  body  will  be  in  both 
the  case  of  M  and  E  equal  to  E  H-  M ;  and  if  the 
attraction  be  as  the  square  of  the  distance  directly, 
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tbe  central  body  will  be  in  the  two  cases  of  the  two 

^  ,.     (M  +  £)•      ,  (M  +  E)« 

bodies     '    j^ and  -*-^g respectively. 

Next  as  to  the  absolute  trajectory  of  the  bodies 

thus   acting   on    one  another,  or  their    path    in 

fpaoe,  we  have  an  investigation  analogous  to  those 

inquires  fcrmerly  irstituted  where  the  centre  of 

Forces  was  fixed.     For  the  body  or  bodies  being 

"known  (by  what  we  have  last  shewn)  whose  mass 

gives  at  the  centre  the  same  attractions  as  the  two 

bodies  exercise  on  each  other^  we  can  determine  for 

each  of  these  bodies  the  path  in  which  it  will  move, 

provided  we  know  the  initial  direction  and  velocity. 

llius  let  m  =  2  in  the  last  expressions,  we  have  for 

the  mass  by   which  M  is  attracted  towards  the 

E» 
common  centre  of  graviiy,  7\f"TrK^5  °"^   P**^" 

ceeding  as  was  formerly  shown  in  the  case  of  im- 
moveable centres,  we  find  that  if  the  cur\'e  described 
round  the  centre  at  rest  be  a  circle,  if  that  centre 
moves  in  a  straight  line,  the  orbit  in  space  will  be  a 
cycloid ;  if  the  centre  moves  in  a  circle,  it  will  be  an 

epicycloid  or  hypercycloid,  and  if  the  curve  be  a  conic 
parabola,  the  motion  of  the  centre  will  change  this. 
into  a  cubic  parabola,  which  will  thus  be  the  patit 

83 
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arising  from  its  parabolic  motion  combined  with  the 
advance  of  the  centre  of  gravity.  The  moon  in 
this  way  describes  thirteen  cycloidal  curves  in  a 
year^  and  all  of  them  concave  towards  the  sun. 

It  api^enrs  then,  that  the  orbits  of  the  system 
composed  of  our  earth  and  its  satellite,  must  be 
considered  as  traced,  not  by  either  of  these  bodies 
but  by  their  centres  of  gravity.  While  neither  body 
describes  an  ellipse  round  the  sun^  but  both  revolve 
round  each  other  and  round  their  centre  of  gravity, 
the  centre  itself  describes  an  elliptical  line,  a  line 
which  would  be  a  perfect  ellipse  if  no  disturbances 
of  another  kind  than  these  which  we  have  been 
considering  interfered  to  alter  the  form  of  the 
orbit.    To  tliese  disturbances  we  now  proceed. 

ii.  While  the  primary  planets  and  their  satel- 
lites arc  influencing  each  other,  and  while  the 
whole  motion  of  each  subordinate  system  round 
the  sun,  the  common  centre,  is  the  elliptical  orbit  de- 
scribed by  the  centre  of  gravity  of  each  such  system, 
there  arc  disturbing  forces  exerted  on  each  planet 
by  the  rest,  and  on  the  motions  of  satellites  by  the 
action  of  the  sun  also;  so  that  many  sensible  de- 
viations take  place  from  the  motions,  and  from  the 
orbits,  which  those  bodies,  both  primary  planets 
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and  tatellitei,  would  have,  if  they  moved  roimd  the 
comiDOD  centre  undisturbed;  that  it,  if  they  de« 
icribed  elliptical  orbits  round  the  sun  by  his  attrac- 
tion»  without  any  other  force  acting  on  ttiem^  except 
that  attraction  of  the  8un  on  each  planet*  and  the 
attraction  of  each  planet  on  its  satellites.  If  no  such 
disturbances  existed,  and  the  only  forces  that  acted 
wen*  the  mutual  actionH  of  the  primary  and  sateU 
litiTs  on  each  other,  and  of  the  sun  on  the  common 
centre  of  gravity  of  the  primary  and  Hatellites,  the 
centre  would  describe  an  ellipHc  round  the  Hun,  iind 
the  primary  and  satellites  would  deiKsribo  ellipses 
round  each  other  and  round  that  centre  of  gravity. 
71iis,  however,  is  not  the  case ;  and  we  an»  now  to 
con<»ider  the  <*frectH  of  the  disturbance  occaMion^d  by 
ttii?  suns  action  upon  the  satoUiteH,  and  the  diM- 
turbance  occasioned  by  the*  a(;tion  of  the  plunets  on 
one  anotlior.  TtuH  forniM  the  Hubjert  of  Sir  Inaac 
Newton*s  invevtigationM  in  the*  hccoikI  branch  of 
that  s4*ction  which  we  have  U^cn  conhidering ;  an 
inquiry  regarded  by  some  an  the  mont  extraordi- 
nary |Kirtion  of  the  ^reat  work  which  forniH  tlie 
principal  monument  of  hm  gcniuM.  From  tliin  opi- 
nion it  in  diflicult  to  withhold  ourconcnrrenco;  but 
it  may  tie  admitted  that  here,  as  in  the  o|>eratiuiis 
for  finding  orbits  from  given  forces  and  converM*ly, 
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the  great  impfovcroent^of  jnodini  analytift  haxe 
•  afforded  easier  and  more  maaageable  mediodtef 
investigalion*  lliat  this  mutt  be  trtie  f^  iregaidi 
ihe  planetary  disturbaucesi  will  be  appareotufton 
a  Ultle  reflection*  .>    /    ! 

.  The  grand  problem  in  every  ease  iS'  tor  fiad.lbe 
preeUe  effect  of  a  disturbing:  force  upon  ttM:path  of 
a  given  body  moving  by  a  combined  centripetal 
and  projectile  force;  and  what  baa  been  called. the 
Probloni  of  Three  Bodies  presents  the  siniple^t 
case  of  the  question,  b^ing  the  detemunation  of  the 
motions  of  two  bodies  noted  upon  by  one  another  and 
by  a  third  body.  But  though  tliis  is  ths^  simplest 
case  of  the  genital  quetttiou^  it  has  been 'found  to 
proRout  difficulties  of  the  highest  order,  and  a^  ge- 
neral and  rigorous  solution  of  it  has  been  found  to 
exceed  the  powers  of  the  most  impro\'ed  analysii. 
In  the  time  of  Sir  Ivauc  Newton^  that  analysis  of 
which  ho  was  tiie  inventor  had  not  attained  any 
thing  like  its  greatest  perfection.  Monce>  iu  grap- 
pling with  the  subject,  lie  had  much  of  the  diffi- 
culty to  contend  with,  which  made  him  give  lets 
convenient  for mu loo  than  we  now  possess  for  the 
solution  of  the  other  problems  relating  to  orbits 
and  motions.  The  mere  improvement,  of  the  inta* 
gral  calculus  by  the  advantageous  approximations 


ibfwrtigb  «Mrrir»,  l0g«rilktft«f,  utMl  ibf  uritlirfirtiir  of 
'•iM«»  wmiM  hft¥«  sffiinkid  imporUni  fiM;ilit(f>fi  for 
'tfiMf  iiM|«iirMM;  iMfisMiiMi  Utit  KolutMm  fiiufti  e<mt4t 
•HrAy«  t0  mi  titUtgftttbti.  Ai^ordingly  Kiil#f, 
ITAtmiiWrf,  mimI  (*lMifiiiit,  MVMilril  ihiftniM«lv«N  of 
llHit  impr^iiri'nmit  to  imimlfgiiUi  lli#  |iroblitiri«  im  wn 
liiirii  nlfvwljr  M»i«fi.  Hut  Miott  iiA<«r  ilirir  r«i»«»Mrcliiw 
IimI  M  III  ih«  itfi|i«iH mil  rmult  fonnirrljr  ^Irn^^ritH'il, 
•  Ifrrni  riffifwtf rn^  wiim  ini  r^nlucMl  inlo  iJmi  cjiIi!!!- 
lott  whirk  liofAiliry^ly  tifiofi  ihr  Mijlijr<;t  of  tltitiw* 
iiii|tiiriir»;  mid  thi«i«X4Kit«^litiKly  ruciliimi^d  iIms  miIu- 
ifam  (pf  lH«  proMmti  in  lt»  fn«rr«i  indifiKk^l  M|i|»licii- 
fi«ift/  Wi9  nUiiilff  til  ihii  iiivi'Miott  of  tli4f  (.'iilcul«« 
\\un  irf' Vnrtttfiufifi  ky  Kuli*r  mill  \4\i%iiM\^it>, 

W«  biiv#  ill  Um*  iiftr^nliirlory  |iiirt  nf  fhin  Aim* 
lyibrnl  Virw  r»|y|iiiii«f<l  lhiiithi«>  <!iik'iilij<i  i^tiulikm  \\% 
itt  rMinitift  Um  IrjuiMi i<iti  of  oni*  nirvif  info  mM;tlu«r 
in  drrtMiti  circimiiiiiirKfMi,  by  mI»owmi((  tuiw  ilio4«9 
lifM'i  mny  kit  foiinU  nkirk  knv*  ri^rtiiiii  )ir<i|M«iiir« 
in  rdftlton  to  otk#«r  liti^4  of  m  diffi^rrni  kiiMl,  uml 
ibii*  to  itwi*nii%nii^  \frohltm4  wilk  n^n^wri  to  curvm^ 
wk<MH  tiiiliir<«  aUnugpn  tintkr  tk«f  im'<'tiii|ffitiofi, 
bvfftuiMi  tk#  rrlntioM  liftwifini  tkifir  iroonliiiuli'N  in 
tvrkikkt*  unci  i«  iiuWd  ilir  tkitt|{  «toiiKtit  for.  it  in 
#fklrrit,  ikertffori',  tkut  tki*  cuWulun  knn  itn  itiitiii*- 
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diate  application  to  the  subject  ki  question.    For 
the  effect  of  the  disturbing  feroe  is  to  change  at 
eaeh  moment  the  nature  of  the  pathj^  whioh>  but  ihr 
that  force>  would  be  described ;  or  the  inclination  e( 
orbits  to  one  another,  which,  but  for  such  disturb- 
ances, would  subsist ;  or  the  position  in  spaoe^  whidir 
but  for  the  disturbance,  these  orbits  would  have« 
Now,  those  changes  produced  by  mutual  disturb* 
ances,  really  comprise  all  the  effects  of  the  disturb- 
ances on  the  planetary  system.     Thus^  beside  the 
precession  of  the  equinoxes  and  the  motion  of  the 
apsides  and  nodes,  which  we  have  just  now  gene* 
rally  stated,  the  alteration  in  the  form  of  the  curve 
includes  also  the  change  c(  its  eccentricity,  and  the 
acceleration    or   retardation  of  the  motion  itsdlf. 
Hence,  we  have  at  once  proved  that  the  determi- 
nation of  those  effects  which  arise  from  disturbing 
forces,  is  in  a  peculiar  manner  the  province  of  this 
new  and  refined  analysis,  the  Calculus  of  Variations 
Therefore,  beside  the  facilities  afforded  by  the  im- 
provement of  older  methods  of  investigation,  the 
addition  of  this  new  instrument  to  our  means  of 
solving  the  problem  has   established  an   entirely 
novel  method,  and  opened  an  almost  unknown  fieW 
of  inquirj^  from  which  the  original  author  rf  ali 


thiin  iUfle0v«ri««  wiu  tuNMSMiirily  tAiut  out,  ItiMiAid, 
iktnrfiM,  of  mittutaly  going  over  tha  uieim  of  hi« 
itIiitiiNi,  IM  ttpplbd  to  the  oeUiitiftI  motions;  w« 
rfMtU  tbow  tti0  eoufitf  which  hn  pumuMl  by  diunoti- 
itmling  iit  fundatiMtitttl  prineipl&M;  but  w«  Mhatl 
btgte  by  frtatitig  coticMwIy  tlti»  mttultw  of  thi)  more 
rtecwt  in¥#«tigfttioti(i  an  iifii»ctiMg  th«)  •cifitet*  of  i»hy- 
•ftcftl  ttiitroiiimiy  i  mid  tthall  r<*Nf  rv«  th^  fuller  diM?uH* 
niinof  ilii«4iubji^  for  tho  ac^eoutit  of  i.nplaeo^H  work. 
Ill  €oiwid4»riftg  Uio  tuolioii«  of  the  ])lfin«»t«  aud 
tbtfir  (Miullft««  rouud  th(^  nun,  wd  may  ffriit  n^gard 
btm  aa  from  hin  niagniiuda  and  diatatica  no  liHl<t 
aCttUKl  by  tlu»ir  attractions,  that  liis  tttotioti  i« 
tridhigt  and  eamiot  Mftudbly  ntb»ci  that  of  the  other 
bodi«a ;  %0  timl  ha  may  ba  viaw«»d  an  at  rtmt ;  and 
tti^  tlia  amaller  \HH\ieH  will  both  mov«  round  out* 
aB0iliar,  and  round  tha  hirgi^r  and  mon*  distant 
body  aa  if  ba  iit»ra  fix<*d,  liut  tha  tnov^inttnt  of 
iliMa  bodice  will  not  only  l)athuM  a(li*i?ti«d  by  tlu'ir 
tttatual  adiona;  th**y  will  \m  aflt»ct4^1  in  th(>ir 
matioiM  round  ona  anotlu*r  by  tha  airtion  of  tha 
lUad  body,  tha  mm  \  an<l  thiit  ai^ion  will  diUiirb 
and  altA»r  tlirir  r<»lativt)  tnotioiu,  ai»  ra^urdt>  both 
tfiair  vaUieitiM,  tin*  fornix,  iitid  tlu*  (><>«itioii4  of 
tlarfr  orbiia.    'l\\n%  i\w    iHMition   of  tlut   inoon\ 
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path  round  die  earth,  is  affected  by  the  nin*! 
attraction,  that  is,  by  her  gravitation  ioirards  the 
sun,  which  combines  with  her  gravitation  towardf 
tlic  earth  to  determine  her  absolute  motion ;  and 
both  the  position  of  the  axis  of  her  orbit  (the  line 
of  npsidcfi),  and  the  position  of  the  line  joining  the 
intersections  of  her  orbifs  plane  with  the  plane  of 
the  earth*s  orbit  (the  line  of  nodes),  are  continually 
changing,  and  we  have  seen  in  a  particular  manner 
bow  the  apsides  revolve  in  one  period  of  time 
(about  nine  years),  and  the  nodes  in  another, 
(about  nineteen  years.) 

But  there  is  a  variation  in  the  rate  at  which  both 
the  line  of  the  apsides  and  the  line  of  the  nodes 
revolve.  The  quantity  by  which  both  of  tbeie 
lines  advances  in  each  year  sensibly  decreases ;  so 
that  the  period  in  which  each  effects  a  complete 
revolution  becomes  longer  and  longer.  It  appears 
that  the  former  line  revolves  no^v  8'  2"  slower  than 
in  the  earliest  ages  of  astronomical  observationi 
about  25^  centuries  ago ;  the  latter  line  only 
r  42"  H'";  the  former  motion  diminishing  each 
century  by  o6"  41'";  the  latter  by  7"  51'". 

It  is  equally  found  tliat  the  disturbing  forces 
accelerate   the   moon  s    motion   by   a  very  small 
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quantity;  or  (hat  nlic  revolves  round  the  cartli  i»  u 
period  of  about  11"  7'"  Hhort«r  thiiti  h\k  did  a 
entuiy  ago;  hrr  angular  velocity  being  iiicivaM'd 
tawera  the  12  and  1.1,000  millioiith  part  oT  lirr 
total  Telocity  in  tlic  period  of  lOOj-ean;  making 
Ibe  yrarly  acccioration  wholly  iiimnnible ;  and  iIk; 
total  aroplrration,  orMhortpningurhcrpprindic  time 
•ince  the  creation  of  our  njionp*  CO  ci>ntnric!t  ago, 
tfitly  1 1  miniitcN  nnd  7  NiM»ndii,  i!iip|K>Hiiig  it.  to  go 
on  as  th(>  timco,  hut  nn  it  incnfOKcn  in  a  lower  pro- 
portion Cprolmlily  an  the  ctitK*  or  the  timt^n)  itn 
total  atnotint  in  more  eoniiideralile,  and  r,ni>lnco 
reckons  it  nt  about  7'  30"  for  the  last  '25^  runtiiriea. 
Tliit  acceleration  had  not  Ixvn  unolwnrved  in 
HalleyV  time,  oiid  it  wun  diHcunxcd  aeutely  by 
Mnyer ;  but  iln  cause  was  Brrt  discovered  by  La- 
place; it  is  the  Hiin's  action  upon  the  moon,  eotn- 
bined  with  tho  viirinlinn  in  tlio  orbit  of  Ibe  carlh, 
the  •ceontririty  of  which  has  been  diminishing 
rpgnlnriy,  tlioiigli  by  an  extremely  smnll  i]iinntily 
(only  ^  .('lfKI(]007r>ri7  of  the  greater  axis  of  our 
orbit  J,  W)  that  the  orbit  Imn  lic'i-n  slowly  ii{i|iroiich- 
ing  more  and  more  to  tin-  cir'-nlnr  thffftf  It  i 
great  proof  of  the  usefultn 
these  investigations  that  ibJlJl 
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appears  to  have  discovered  the  connexion  between 
the  earth's  diminishing  eccentricity  and  the  accele- 
ration of  the  moon's  mean  motion,  by  the  careiui 
examination  of  the  mere  equation  or  algebraical 
expression.     For  the  reciprocal  of  the  semi-axis  of 

the  moon's  orbit  — ,  as  influenced  by  the  sun's  at- 

a 

traction  combined  with  the  earth's,  is  found  to  be 

represented  by  an  expression,  which,  among  other 

3  a*nt  e^*   >        u*  u     *  • 
terms,  contains  this r-     s —   m  whicri  a  is 

4  a 

the  semi-axis  of  the  earth's  orbit,  m^  the  mass  df 
the  sun,  and  e'  the  eccentricity  of  the  earth's  orbit 

Consequently,   as  «'    decreases,  —  increases,   the 

a 

term  being  negative;  and  therefore  a  itself  de- 
creases as  e'  decreases ;  in  other  words,  the  moon  s 
orbit  is  diminished,  and  her  velocity  augmented,  in 
consequence  of  the  earth's  eccentricity  decreasing. 
But  if  the  diminution  of  the  greater  axis  is  not 
admitted  as  necessarily  lessening  the  orbit,  we  may 
recollect  the  relation  between  the  times  and  the 
mean  distances,  the  former  being  as  the  cubes  of 
the  latter;  and  the  mean  motion  is,  of  coursey 
inversely  as  the  periodic  time.     However  Laplace 
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furniiihefl  us  with  a  Btill  closer  reason,  and  illus- 
trates tlie  use  of  the  calculus,  as  it  were,  by  a  new 
trium{4i,  in  another  part  of  the  Mecanique 
Celeste.*     For  the  equation  of  the  mean  angular 

motion  is  shown  to  W  //  =  y  ft.,  t  being  tiiotime, 

a 'J 

a  tile  transverse*  axis,  and  /x,the  sum  of  the  niassc*s 
of  the  two  bodies,  in  this  case  the  moon  and  th«* 
earth.  Therefore  n,  the  mean  motion,  must  neces- 
sarily be  accelerated  as  a,  the  axis,  is  diminished. 
And  here  iu  )jassing,  we  also  observe  how  Kepler's 
law  of  the  sesi|uiplicate  ratio  may  be  proved,  but 
only  if  we  make  /x  =  S  (the  sun)  ;  and  neglect 
the  mass  of  the  planet.  For  take  two  planets  \i  hose 
mean  motions  are  n  and  n  round  a  third  bfxly,  and 


their  mean   motions   lHfin<;   as  .Ji_  ..  and  _! 

9 


a  i 


and  lM*caus<*  (2  m  being  *AW' ),  7t  /  rr  'iv,  therefore 

2ir        .  2ir  2ir.«| 

/  as ,  and  /*  =  —,-,    or  /  =  — pr —  ,  and 

n  n  sJi^ 

t  m  — =—  ,  eonsefpifntly  /•  :  /*"  : ;  n^  :  u^,  being 

V/x 

Kepler*s  law,  uhich  is  thus  demcaibt rated.     Hut 
it  ii»  only  demonstrated  and  is  only  tnit;  if  i/^ 

*  Lit.  ii.  ch.  3. 
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18  the  same  to  both  planets^  that  is,i(fjLszS\ii 
each  case.  "Sovr,  this  may  be  assumed  in  th9  case 
of  those  bodies  revolving  round  the  snn^  or  of  the 
satellites  of  Jupiter  and  Saturn  revolving  roottd 
those  primary  planets,  because  of  the  great  dispro- 
portion between  the  central  body  lind  the  others, 
(the  largest  of  them,  Jupiter,  being  less  than  a 
thousandth  part  of  the  sun.)  But  the  law  would 
not  hold  true  if  /x  were  taken,  as  in  strictness  B 
ought,  as  S  +  P>  the  sum  of  the  masses  of  tlie 
central  and  the  revolving  body ;  for  then  /x  w^ld 
diflfer  in  each  instance,  and  the  sesquiplicate  pro* 
portion  would  be  destroyed.  Hence,  we  arrive 
through  the  calculus  at  this  important  conclunoi!, 
that  the  law  only  holds,  if  the  mutual  actions  of 
the  planets  on  each  other  are  n^lected ;  and  tlia^ 
therefore,  the  law  is  not  rigorously  true  where,  as 
in  the  case  of  the  earth  and  others,  the  actions  cf 
the  other  planets  are  sensible. 

Again,  the  inspection  of  the  algebraical  exprn- 
sions  shows  that  the  variation  in  the  eccentricity  of 
the  earth's  orbit  produces,  likewise,  the  retardation 
of  the  apsides  and  nodes ;  and  this  discovery  was  also 
made,  apparently,  by  the  mere  inspection  of  the 
expressions  which    the    calculus    had    fumiriied 
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Thus  the  expression  for  the  motion  of  the  perigee 
(pr  apsides)  involves  the  integral  y^''  dv(v  being 
tlie  true  anomaly),*  and  this  quantity  is  positive. 
Tlii^refore  the  decrease  of  the  eccentricity  of  the 
earth*s  orbits  causes  a  decrease,  also,  of  the  perigeal 
motion  of  the  moon.  And  one  of  the  terms  of  the 
equation  to  the  motion  of  the  nodes  contains  the 
tamp  integral  f  ^  dv\  consequently  the  same 
eccentricity  is  likewise  the  cause  of  the  variation  in 
the  period  of  their  revolution.! 
..  ^fpw  we  have  seen  how  extremely  small  these 
irregularities  in  the  moon's  motion  are  which  the 
theory  gives  by  this  analytical  process,  and  that  they 
are  hardly  sensible-  in  a  whole  century ;  yet  it  is 
foupd.  that  tlie  deductions  of  the  calculus  are  in  a 
renoarkable  manner  confiimed  by  actual  observation. 
Practical  astronomers,  for  example,  whoUy  ignorant 
of  .I^aplace's  discoveries,  have  ascertained  that  the 
secular  variation  in  the  motion  of  the  moon's  ap- 
^de9>^  ascertained  by  comparing  the  eclipses  in  the 
Gr^k^  Arabian,  and  Chaldean   astronomy,  with 

i'  ft  'Angle  of  the  radius  Tcctor  with  the  axis  of  thu  orbit. 

rf  Mec.  C61.  liv.  vii.  ch«  I.  This  wonderful  chapter  Is  a 
mere  series  of  integrations,  and  contains,  from  the  inspection  of 
iKtf  eqttations^ those  singular  discoveries  res^iecting  the  laws  of  the 
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those  of  the  last  century,  is  about  3. 3,  or  33  tenths 
of  the  moon  s  mean  motion,  and  this  is  the  exact 
result  of  the  calculus.  Laplace  also  discoveredi 
chiefly  by  similar  means,  a  very  small  secular  inequa- 
lity in  the  moon's  motion  never  before  suspected, 
and  produced  by  the  sun's  attraction.'*'  It  was  found 
by  observing  that  the  divisor  of  some  of  the  frac- 
tional terms  of  the  equation  which  shows  the  inequa- 
lity  is  extremely  small^  and  that,  consequently,  the 
irregularity  may  become  sensible.  A  correction  of 
the  tables  was  thus  introduced  by  this  great  geo- 
metrician, in  which  the  theory  approaches,  on  an 
average,  to  within  ^  of  the  actual  observation.  The 
sign  of  this  inequality  being  negative,  it  is  a  retar- 
dation of  the  mean  motion,  and  is  to  be  set  against 
the  secular  acceleration.  It  must  be  observed, 
moreover,  that  the  errors  of  the  theory,  as  compared 
with  the  observation,  are  half  of  them  by  excess  and 
half  by  defect ;  so  that  they  may  be  said  to  balance 
each  other.  The  maximum  of  this  inequality  is 
little  more  than  15",  and  its  period  is  184  years. 

Hitherto  of  the  moon;  but  we  are,  in  like 
manner,  conducted  by  the  same  refined,  though 
complicated,  analysis  to  the  variations  in  the  orbits, 

*  M6c.  C41.  liv,  vii,  ch.  5. 
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wid  oonseqtiontly  in  the  motions  of  the  earth  and 
of  the  other  planeti,  as  well  aa  of  the  natellitet  of 
Jupiter  and  of  Saturn.  The  moat  remarkable 
variationt  produced  upon  the«o  orbitu  are  the  ehangea 
in  their  eccentricity  and  in  their  aphelion;  the 
ftrmor  being  conitantlyi  thougli  Nlowly,  ihortened, 
the  latter  moving  round  by  alow  revolutionii,  oh  the 
line  of  the  moon*H  npHidefi  revolvoff,  hut  rovolveti 
much  more  nwiOly. 

The  exprcMAionH  obtained  in  the  cane  of  utiy  one 
planet  for  tiie  (•ceinitricity  and  perihelion  louffitude 
(revolving  motion  of  the  axiH),are  mainly  con iponed 
ofthe  niMmu,  diiitancoit,  cccenlricitieii,  and  ptM'ilu4ion 
longitud<*  of  the  di«turbing  bodiew  with  ttu«  known 
eccentricity  and  longitude  of  tlie  planet  in  qut'^tion 
It  a  given  epo<:h.  KtMU'e  we  p<trceive  tlial  on  ilmat^ 
sireumitanceK  depends  tlie  variation  of  tlu*  fccvn- 
ricity  and  the  revolution  of  the  nxia  of  the  pUiiet. 
niu«  tlu$  ftecular  variatixiu  of  the  ecc^Hit ricity  of  tlte 
fttrth'tf  orbit  u  OOCKXH r>r>7'2  of  t,  ilui  ecceiaiicily 
vbich  at  tiie  epoch  {17 W)  wd»  O.OIOHH  of  the 
«nii-axi«  major  of  iti>  orbit,  aud  it  ha:^  tixe  ne;4;dtive 
4tie  in  the  expre»!»ion  ;  e.un^4^<jueMl ly  \U<*  ec<u4ii  n<it  y 
4  on  the  <iec'rea«e,  ab  v^e  before  ob2><^i'\e(i.  '1  Jai^ 
liminution  of  tli**  c><<'ent » i<;if v  yiuouni?  i<>  j^^Vii 
IS"7y"  vearlv  ''or  aJ><>ut  %(>)  iiii!e>).      ^^  *•  Jjj\f 
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already  observed  that  the  annual  rerolving  motion  of 
the  axis  of  the  earth*s  orbit  is  1 1 ''  53''^  and  its  period 
109>060  years.  The  examination  of  the  expre898<»8 
for  these  irregularities  shows^  as  might  be  expected, 
that  Mars,  Venus,  and  Jupiter  bear  the  most  con- 
siderable share  in  producing  the  variations.*  -  But 
it  is  a  truly  remarkable  circumstance  that  the  direct 
action  of  those  planets  upon  the  moon's  motion  is 
hardly  sensible  compared  with  their  indirect,  or,  as 
it  is  sometimes  called,  reflected  action  upon  the  same 
body,  through  the  medium  of  the  sun  and  the 
earth.  For  these  planets.  Mars,  Venus,  and  Jupiter, 
by  altering  the  eccentricity  of  the  earth's  orbit,  very 
sensibly  affect  the  motions  of  the  moon^  as  we  have 
seen,  while  directly  their  action  is  incomparably 
less  perceptible. 

The  perihelion  longitudes  of  all  the  other  planets 
are  increasing,  or  their  orbits  advancing,  except 
Venus,  whose  apsides  are  retrograde ;  and  the  eccen- 
tricities of  Venus,  Saturn,  and  Uranus,  are  de- 
creasing, like  that  of  the  earth,  whilst  those  of  the 
other  planets  are  on  the  increase.  These  variations 
are  greater  in  Saturn  than  in  any  of  the  others,— 
considerably  greater  than  the  variations  of  Mars, 

•  M^c.  Cel.  liv.  ii.  ch.  G,  7,  8 ;  liv.  vi.  cli.  7. 
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which  comes  the  nearest  to  them.  The  variotioa 
in  the  eccentricity  of  Jupiter's  orbit  is  nearly  three 
times  as  great  as  in  the  £arth*ii ;  that  of  Saturn 
between  five  and  six  times  greater  than  the  Earth's ; 
while  the  variation  in  the  perihelion  longitude  of 
the  former  is  about  five-ninths  of  the  Earth's  varia- 
tion ;  and  Saturn  exceeds  the  Eartirs  in  the  ratio 
of  about  25  to  18^  and  exceeds  ttiat  of  Mars  only 
flonoewhat  more  than  as  49  to  48. 

When  the  attention  of  niuthematicians  and  ustro- 
nomers  was  first  directed  closely  to  examine  the 
disturbances  of  these  planets^  it  appeared  hardly 
possible  to  reconcile  Mjch  vast  and  numerous  irregu- 
larities, as  were  found  to  exint,  with  tho  theorv  of 
gravitation, or  indeed  to  reduce  them  under  any  fixed 
rule  whatever.  The  cose  scM^med  to  become  the  more 
hopeleHS  when  so  consummate  an  analyst  as  Euler, 
the  great  improver  of  the  ctdculu.s,  failed  in  repc^ated 
attempts  at  investigating  the  subject,  committing 
several  important  errors  which  for  a  time  were  not 
detected,  but  which  showed,  or  seemed  to  hIiow,  a 
wide  discre]iancy  bi^twcen  the  theory  and  tlie  ob- 
servations. Hy  one  discovery,  indeed,  to  which  his 
researches  led  him,  he  may  be  said  to  have  laid  the 
foundation  of  the  most  extraordinary  step  wliich  has 

VOL.  II.  T 
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been  made  in  the  knowledge  of  tiie  planetary  system* 
We  allude  to  his  theorem  on  the  periodicity  of  tin 
eccentricities  and  aphelia  of  Jupiter  and  Saturn. 
Bat  in  most  other  respects  his  attempts  signally 
failed.  D*Alembert  made  little  progress  in  this 
inquiry ;  but  at  length  Lagrange,  and  still  m(«e 
Laplace,  by  applying  all  the  resources  of  the  cal- 
cnluSy  in  its  last  stage  of  improv^nent  and  after  the 
method  of  variations  had  been  systematized,  suc- 
ceeded in  reducing  the  whole  to  order,  and  dis- 
covered, while  investigating  these  motions,  the  great 
law  of  the  stability  of  the  universe. 

The  circumstance  which  mainly  contributes  to 
render  the  irregularities  in  the  motions  of  two 
planets  great,  and  which  especially  augments  the 
disturbance  of  Jupiter's  satellites,  is  that  the  mean 
motions  are  commensurable  after  a  very  remark- 
able manner.  Five  times  the  mean  motion  of 
Saturn  are  equal  to  nearly  twice  that  of  Jupiter: 
and  the  three  first  satellites  of  Jupiter  are  so  re- 
lated to  each  other,  that  the  mean  motion  of  tbe 
first,  added  to  twice  the  mean  motion  of  the  think 
is  equal  to  three  times  that  of  the  second;  ifUb 
the  longitude  of  the  first  added  to  twice  that.^fAlv 
third,  and  subtracted  from  three  times  that  d 
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fltecond,  makefi  up  <!xactly  180^.     Laplace  nhowed^ 
that  thin  proportion  of  it  wan  not  ori^in#tlly  fixed 
la'twei'n  thoiii;  riat<4lit«:!4,  and  muflt  have;  boen  eiita* 
blifbifd  by  the  action  oftbe  attractive  and  di!«turbtnf( 
forecH,*  and  it  i^  a  truly  remarkable  thing,  that 
when  the  theory  had  given  a  vahie  for  the  three 
mean  niotionM  M  —  3  ^/t  +  *2  m*  =  0,  the  rompari- 
lion  of  the  ecliiM(?fi  for  a  century  wan  found  to  make 
tlie  expri»sMion  only  0",  and  conjM?quenlly  to  tally 
with  the  th<*ory  within  that  v«?ry  snialJ  dilTerence. 
The  oliM4*rvation  of  the  iiflTirctH  whirrh  were  prcKluced 
upon  the  equatiofiH  which  nsHultiHl  from  the  ana- 
lyi»i«,  by  th«*  projwirtionH  above  Ht>it<*d  b^^tween  the 
mean  motions  of  Jupit<*r  and  Saturn,  induced  T^a- 
place  to  HUHpi*ct   tiuit  thin  made  quantiti(*H  become 
of  im|>ortance,  which  from  the  high  pow(*rM  of  the 
denoiiiinatonf  might  otherwiM.*  have  b(M;n  innigni' 
ftcant.     For  on*?  of  th*^  termn  in  tlir  (*xprr*w<ion  by 
which  ir  ^variation  of  the  ratliuH  v<v;tor  of  the  firat 
lalellite)    for   example    hiul    for   itH    denominator 
i(iif^nyti*  if  "^' are  the  mean 

nioCioM  of  tb  uid  N  a 
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composite  quantity  not  materially  differing  from  n^ 

which  differs  hardly  at  all  from  -q*  inasmuch  as 

ft  =  2  7^^  while  n^  =:  2  n''  (n"  being  the  mean  mo- 
tion of  the  third  satellite)^  and  hence  the  above  de* 
nominator  becoming  little  or  nothings  the  term  is 
of  large  amount,  and  so  of  iv,  the  variation  of  the 
anomaly.*  He  accordingly  undertook  the  labo« 
rious  task  of  examining  this  complicated  subject 
by  considering  all  these  quantities ;  and  he  arrived 
at  the  discovery  oC  among  other  inequalities,  a 
retardation  of  Saturn's  motion  of  about  3"  6'" 
yearly,  and  an  acceleration  in  Jupiter's  motion  of 
about  1"  18'".  Another  irregularity  in  Saturn's 
motion  with  respect  to  the  vernal  and  autumnal 
equinox  had  been  observed  by  astronomers  in  the 
last  century,  and  could  not  be  explained.  La- 
place found  this,  like  all  the  rest,  to  follow  from  the 
Newtonian  theory.  In  short,  when  summing  up 
the  subject  in  one  of  his  concluding  books,  he  na- 
turally and  justly  exclaims,  "  Tel  a  ete  le  sort  de 
cette  brillante  decouverte,  que  chaque  difficulte 
qui  s'est  elevec,  est  devenue  pour  elle  un  nouveau 

*  M^c.  C61.  liv.  Tiii,  ch.  1.  4« 
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sujet  de  triomphe ;  oe  qui  est  le  vrai  caract&re  du 
Trai  systeme  de  la  nature.*"* 

There  is  no  sensible  disturbance  produced  by 
any  of  the  satellites^  except  the  moon,  u|K)n  the 
motion  of  their  primaries,  from  the  extreme  small- 
ness  of  their  masses  compared  with  tliose  of  the 
sun  and  of  their  primaries ;  for  S  r  is  equal  to  a 

series  m  which  ir|  tf,  vr,  &c.  are  factors  of  each 

term,f   m,  m\  &c.   being  the   masses  of  the  sa- 
tellites^ and  M  that  of  the  planets.     Now,  in  the 

wi  1        m"  fti^ 

case  of  Jupiter  jj|  =  577J0,  jf|  and  ^  are  some- 
what greater,  but  the  greatest  of  the  four  factors 

«"»  1 

M    ^^  lTS02  ^^^y*     ^^^  ^"^  ^^  ^^^®  ^^  ^'^  earth 

ft 

this  factor  amounts  to  about  ^,  so   that  5  r  and 

S  V  become  sensible ;  and  will  be  so,  even  if,  in- 

m  m  . 

stead  of  tt,  we  take  the  factor  tt^, — ,  which  is 
M  M  4-  m 

more  correct.^ 

*  M6c.  C61.  liv.  XV.  ch.  1, — Syst.  du  Monde,  Uv.  v.  ch.  3 

f  Ibid.  liv.  vi.  ch.  4. 
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When  Laplace  began  his  celebrated  mvestiga- 
lions  of  the  orbits  of  Jnpter  and  Saturn^  he  found 
that  on  substituting  numerical  values  for  the  quan- 
tities in  the  expression  of  the  mean  morement  of 
the  one  body  as  influenced  by  the  action  of  die 
other,  the  sums  destroyed  one  another^  and  left  the 
whole  efiect  of  this  disturbing  force  equal  to  no- 
thing, or  the  mean  motion  of  neither  planet  at  all 
affected  by  the  other.    The  formulae  could  be  in 
each  case  reduced  to  terms  only  involving  two  co- 
eflScients,  and  these  destroyed  one  another.*    He 
soon  found  that    the  same   principle   applies  to 
all  the  heavenly  bodies ;  that  their  mean  motions 
and  mean  distances  (the  great  axes  of  their  orbits) 
are  not  affected  by  any  changes  other  than  those 
which  occur  within  limited  periods  of  time;  that 
consequently  the  length  of  the  solar  year  is  pre- 
cisely the  same  at  any  one  period  of  time,  as  it  was 
at  a  period  so  far  distant  as  to  enable  the  changes 
which  are  produced  within  those  moderate  limits 
to  be  effected.     This  important  proposition  he  de- 
monstrated upon  the  supposition,  that  the  squares 
of  the  masses,  and  the  fourth  powers  of  the  eccen- 

,*  M6c  C61.  liv.  ii.  ch.  7.;  liv.  xv.  ch,  1.' 
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tricities^  and  the  angles  of  the  orbits,  are  neglected 
in  the  calculus.""  But  Lagrange  afterwards  showed, 
that  the  theorem  holds  true^  even  if  these  quanti- 
ties be  taken  into  the  account  The  examination  of 
the  moon's  motion  demonstrates  the  same  important 
faet^  with  respect  to  the  permanency  of  the  greater 
axes  and  mean  motion  of  the  planets ;  for  if  the  solar 
day  were  now  ^  of  a  second  longer  than  it  was  in 
the  age  of  Hipparchus^  the  moon's  secular  equation 
would  be  augmented  above  42  per  cent.,  or  would  be 
in  that  large  proportion  greater  than  it  now  is  known 
to  be.  Therefore  there  has  not  even  been  the  smallest 
change  of  the  mean  movement  of  the  planets. 

The  other  changes  which  take  place  in  the  orbits 
and  motions  of  the  heavenly  bodies  were  found  by 
these  great  geometricians  to  follow  a  law  of  periodic 
dty  which  secures  the  eternal  stability  of  the 
system.  The  motion  of  the  earth's  orbit  we  have 
already  seen  is  so  slow,  that  its  axis  takes  above 
109,000  years  to  perform  a  complete  revolution ; 
but  after  that  time  it  occupies  precisely  the  same 
position  in  space  as  it  did  when  this  vast  period  of 
time  began  to  run.  So  the  eccentricity  of  the  earth^s 
orbit  has  been  for  ages  slowly  decreasing,  and  the 

'*'  M^c.  C61.j[liv.  ii.  ch.  7.  and  8.  (sects.  54  and  63.) 
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decrease  will  go  on^  or  the  orbit  will   approach 
nearer  and  nearer  to  a  circle^  until  it  reaches  a 
limit  which  it  never  can  pass.   The  eccentricity  will 
then  begin  slowly  to  increase  until  it  again  reaches 
its  greatest  point,  beyond  which  the  orbit  never  can 
depart  from  the  circular  form.     The  same  principle 
extends  itself  to  all  the  planets.     Thus  the  time  of 
the   secular  variation    of  Jupiter's  eccentricity  is 
70,400  years.     All  these  deductions  are  the  strict 
analytical  consequences  of  the  equations  to  the  ec- 
centricity of  the  planetary  orbits  obtained  by  the 
investigation  of  the  total  effect  of  the  mutual  actions 
of  the  heavenly  bodies.     There  results  from  that 
analysis  this    remarkable   theorem,    that    if   the 
eccentricities  of  the    different   planets   be   called 
e,  e\  e",  &c.,  their  masses  m,  m\  iw",  &c.,  and 
their   transverse  axes  a,  a!,  a",  &c.,  and  the  in- 
tegration be  made  of  the  fluxional  expression  for 
the  relation  between  the  iBuxions  of  the  eccentri- 
cities multiplied  by  the  sines  of  the  longitude,  and  the 
fluxions  of  the  time,  and  the  relations  between  the 
fluxions  of  the  eccentricities  multiplied  by  the  cosines 
of  the  longitudes   and  the  fluxions   of  the   time, 

(d  e  sin.  zj  d  e  cos.  zs    d^  sin.to^         d  e  cos.  u'N 
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Sec.,  we  obtain  the  equation  <*.  m,  ]Ja  +  e*,  m\  sja^  + 

«"■#  m"  jja",  &c.  =  C*;  C  being  a  constant  quan- 
tity.    Now,  as  all  the  motions  are  in  the  same  direc- 

tion,  Va,  V«'»  &c.,  are  all  positive.  Hence,  it  fol- 
lows that  each  of  the  quantities  e.  m.  a/o,  c'.  m\  ^a*> 
&c.,  is  let*s  than  C ;  and  suppose  at  any  one  period 
the  whole  eccentricities  e,  c',  r",  &c.,  to  be  very  small, 
which  is  known  to  be  tnie,  C,  which  at  that  period 
was  the  sum  of  tlieir  squares^  must  be  very  small,  the 
other  quantities  m,  m',  &c.,  being  wholly  constant, 

and  ^,  4^,  &c.,  being  invariable  in  considerable 
periods  of  time.  Therefore,  it  is  clear  that  the 
variation  in  any  one  of  those  eccentricities  as  e, 
never  can  exceed  a  very  small  quantity,  namely,  a 
quantity  proportional  to  VC— c'*—  e"*,  &c.  The 
whole  possible  amount  of  the  eccentricity  is  con* 
fined  within  verj'  narrow  limits.  It  ne\'er  can  for 
any  body,  whu&e  eccentricity  is^,  exceed  a  quantity 
equal  to 

Therefore  the  eccentricities  never  can  exceed  a  fr 
small  quantity.     Thus  the  changes  which 
•Jlhc.  C  €L  lif .  iL  ck  6, 7  (Mds.  53,  55.  S7  J( 
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stantly  taking  place  in  the  planetary  orbits  are  con* 
fined  within  narrow  limits ;  and  the  other  changes 
which  are  the  consequences  of  this  alteration  of  the 
orbits^  as^  for  instance^  the  acceleration  of  the  moon, 
which  we  before  showed  arose  from  the  variation 
of  the  eccentricity  of  the  earth's  orbit,  are  equally 
confined  within  narrow  limits.    Those  changes  in 
the  heavenly  paths  and  motions  oscillate^  as  it  were, 
round  a  given  medium  pointy   from  which  they 
never  depart  on  either  hand,  beyond  a  certain  small 
distance :  so  that  at  the  end  of  thousands  of  years 
the  whole  system  in  each  separate  case  (each  body 
having  its  own  secular  periods)  returns  to  the  exact 
position  in  which  it  was  when  these  vast  successions 
of  ages  began  to  roll.     For  similar  theorems  are 
deduced  with  respect  to  other  revolutions  of  the 
system^  whose  general  destiny  is  slow  and  constant 
change^  but  according  to  fixed  rules,  regulated  in 
its  rate,  confined  in   its  quantity,   Umited  within 
bounds,  and  maintaining  during  countless  ages  the 
stability  of  the  whole  universe  by  appointed  and 
immutable  laws.     Laplace   examined  in  the  last 
place  the  possible  effects  upon  the  celestial  motions 
of  the  resistance  of  a  subtle  ethereal  medium,  and 
of  the  transmission  of  gravity  or  attraction  not 
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being  instantaneous  but  accomplished  in  a  small 
period  of  time.  The  result  of  his  analysis  led  him 
to  disbelieve  in  both  these  disturbing  causes.  He 
Ibimd  that  in  order  to  produce  its  known  effects,  the 
transmission  of  gravity^  if  effected  in  time^  must  be 
seren  millions  of  times  swifter  than  that  of  lights  or 
147  thousand  millions  of  miles  in  a  second.* 

iiL  Tike  great  system  of  most  interesting  truths 
irtiidi*we  have  now  been  contemplating  is  the  work  of 
.dioae  who  diligently  studied  the  doctrines  unfolded 
by  Sir   Isaac  Newton,  respecting  the  motions  of 
bodies  which  act  upon  each  other,  while  they  are 
moving  around  common  centres  of  attraction.     He 
laid  down  the  principles  upon  which   the  inves- 
tigations were  to  be  conducted;  he  showed  how 
they  must  lead  to  a  solution  of  the  questions  pro- 
jned,  touching  the  operation  of  disturbing  forces ; 
«nd  he  exemplified  the  application  of  his  methods 
by  giving  solutions  of  these  questions  in  certain 
cases.     Although  his   successors,  treading  in  his 
rteps,  have  reaped  the  great  rewards  of  their  learn- 
ing and  industry,  and  are  well  entitled  to  all  praise 
fcr  the  skill  with  which  they  both  worked  and  im- 
proved the  machinery  that  he  had  put  into  their 

*  M^c.  C^l,  liv.  vii,,  ch.  6 ;  liv.  x.'ch,  7. 


420  PRINCIPIA. 

hands,  at  once  improving  the  calculus  invented  by 
him,  and  felicitously  applying  it  to  advance  and 
perfect  his  discoveries^  the  distance  at  which  his 
fame  leaves  theirs  is  at  least  equal  to  that  by  whidi 
a  Worcester  and  a  Watt  outstripped  those  who^  in 
later  times,  have  used  their  mechanism  as  the  means 
of  travelling  on  land  and  on  water^  in  a  way  never 
foreseen  by  those  great  inventors.     Strict  justice 
requires  that  we  should  never  lose  sight  of  the 
truth    repeatedly   confessed    by   Euler^   Clairaut, 
Delambre,  Lagrange,  Laplace,  that  all  the  ad- 
Tances  made  by  them  in  the  use  of  analysis,  and  in 
its  application  to  physical  astronomy,  are  but  the 
consequences  of  the  Newtonian  discoveries^  so  that 
we  are  guilty  of  no  exaggeration,  if  we  regard  the 
most   brilliant  achievements  of  these  great  men 
only  as  corollaries  from  the  propositions  of  their 
illustrious  master.     Let  us  briefly  see  how  he  laid 
the  deep  and  solid  foundations  of  the  fabric  which 
we  have  been  surveying. 

After  examining  the  motions  of  a  system  of  two 
bodies  with  respect  to  one  another^  and  their  common 
centre  of  gravity,  and  in  space,  as  those  motions 
are  affected  by  the  mutual  attractions  of  the  two 
bodies  themselves  (in  the  manner  which  we  have 
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already  described)^  Newton  proceeds  to  the  great 
problem  of  the  three  bodies,  as  it  has  been  termed, 
because  the  solution  is  so  diflbnilt,  that  generally 
the  attempt  has  been  confined  to  the  case  erf*  these 
only,  this  also  being  sufficient  for  determining  the 
more  important  disturbances  of  the  moon's  motions. 
Hie  inquiry,  however,  is  general  in  the  Prindpia, 
and  its  subject  is,  the  motion,  produced  by  the 
mutual  actions  of  the  bodies  in  a  system  upon  one 
another.  Thus,  for  example,  tlie  inquiry  already 
analysed  regards  the  effect  produced  upon  their 
motion  in  space,  by  the  mutual  attractions  of  the 
earth  and  moon ;  that  to  which  we  now  are  pro- 
ceeding regards  their  motion,  as  also  influenced  by 
the  disturbing  force  of  the  sun,  and  indeed,  even  by 
the  smaller  but  not  evanescent  forces  of  the  other 
planets.  So,  as  the  former  inquiry  may  be  extended 
on  the  same  principles  to  the  motions  of  Jupiter 
and  Saturn,  and  their  satellites;  this  new  inquiry 
applies  also  to  the  disturbances  of  tlieir  systems  by 
ours,  and  of  ours  by  them. 

Newton  begins  by  showing  that  if  the  attracting 
force  increases,  as  the  distance  of  the  bodies  from 
each  other,  any  two,  M  and  E,  will  revolve  round 
their  common  centre  of  gravity  G,  in  an  ellipse 
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having  G  for  its  centre*  This  is  pkun  from  what 
was  formerly  proved  when  treating  of  .the  oooie 
sections^  and  also  more  lately  resqpecting  the  oentie 
of  gravity.  If,  then^  each  of  these  is  attracted  by.  a 
third  body  S,  in  the  same  manner  this  force^  being 
resolved  into  two,  one  parallel  to  the  line  joining 
M  and  £,  the  other  parallel  to  the  line  joiningE  and 
6,  the  former  force  will  only  accelerate  the- motion 
of  M  and  E  round  G  by  an  addition  to  the  mutual 
attraction  of  M  and  E,  the  latter  will  draw  the 
oentre  G  towards  S  or  towards  G',  the  common 
emtre  of  gravity  of  the  three  bodies,  and  combined 
with  the  action  of  M  and  E  upon  their  centre  G 
will  make  G  revolve  in  an  ellipse  round  6^  the 
conunon  centre  of  the  three,  round  which  also,  in 
like  manner,  S  will  describe  an  ellipse,  Gr^  being 
the  centre  of  those  two  ellipses.  Thus  the  bodies 
M  and  E  will  describe  an  ellipse  round  the  centre 
G,  and  the  centre  G  and  body  S  will  describe 
ellipses  round  the  centre  G',  both  G  and  Gr'  being 
the  centres  of  these  ellipses,  and  so  of  any  greater 
number  of  bodies.-— Moreover,  the  absolute  afir^>nTit 
of  the  attractive  force  in  each  centre  will  be  as.  the 
distance  of  the  centre  from  the  bodies  orx^ntres.<tf 
gravity  severally,  multiplied  by  the  .masses  of  the 
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bodies.  So  that  £  and  S  are  attracted  to  G  by  a 
force  as  (M  +  E  -f  S)  multiplied  by  their  respective 
distances  from  G. — Lastly^  the  times  in  which  these 
ellipses  are  described  by  the  bodies  and  the  centres, 
are  all  equal  by  what  was  before  proved  respecting 
motion  when  the  force  varies  as  the  distances. 

This  law  of  the  centripetal  force  is  the  only  one 
which  preserves  the  entire  elUpticity  of  the  orbits, 
notwithstanding  any  mutual  disturbances;   but  it 
produces,  at  great  distances,  motions  of  enormous 
vdocity.     Thus  we  have  seen  that  Saturn  would 
move  at  the  rate  of  75,000  miles  in  a  second  (or  a 
third  of  the  velocity  of  light  itself),  were  there  no 
disturbance  from  the  other  bodies;  but  the  dis- 
turbance might  greatly  accelerate  this  rapid  motion. 
If  the  law  be  the  inverse  square  of  the  distance, 
there  will  be  a  departure  from  the  elliptical  form  of 
the  orbits  and  from  the  proportion  of  the  areas  to 
the   times,  indicating   that    the   several   resulting 
forces  are  not  directed  towards  the  several  centres. 
But  this  departure  will  be  less  considerable  in  pro- 
portion as  the  body  in  the  centre  of  any  system,  or 
in  the  common  centre  of  any  number  of  systems,  is 
of  a  magnitude  exceeding  that  of  the   revolving 


'^ 
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bodies^  or  systems  of  bodies^  because  this  will  prevent 
the  central  body  moving  far  from  its  place^  or  much 
out  of  a  straight  line ;  and  also  the  departure  will    ^ 
be  less  in  proportion   as  the  bodies^  or  systems^  .^ 
revolving  are  at  a  great  distance  from  the  centres  or 
from  the  common  centre,  because  the  diminution  of 
this  distance  increases  the  inclination  of  the  lines  in 
which  the  disturbing  forces  act,  and  thus  disturb 
the  motions  of  the  bodies  among  themselves.   Again, 
if  the  law  of  the  attraction  varies  from  the  inverse 
square  of  the  distance  in  some,  and  not  in  others, 
the  disturbing  effect  will  be  increased.     So  that 
we  may  infer  the  universality  of  the  law  and  also 
the  small  amount  of  the  disturbing  force,  and  its 
acting  in  nearly  parallel  lines,  if  we  find  the  ellip- 
ticity  of  the  orbits  not  much  deranged,  and  the 
proportions  of  the  areas  to  the  times  not  greatly 
interrupted. 

Newton  proceeds  to  examine  more  minutely  the 
disturbances  caused  in  a  system  of  three  bodies,  of 
which  two  smaller  ones  move  round  a  third  larger 
one,  and  all  attract  one  another  by  forces  inversely 
as  the  squares  of  the  distances.  Let  S  attract  M 
with  a  force  inversely  as  the  square  of  the  distance; 
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call  the  mean  distance  =  1 ;  the  mean  force  will  be 

1 

ji  =  1 .    Let  the  distance  from  S,  successively  taken 

by  M  in  moving  round  E,  or  its  true  distance,  be 
S  M,  tlience  the  force  at  M  is  ^TTr    Take  S  L  =s 

^-rpi  and  drawing  L  N  parallel  to  M  E,  the  forces 

at  M  are  L  N  and  S  N,  or  L  N  +  M  E  and  S  N. 

S  L     M  E 
Now  L  N  :  M  E : :  S  L :  S  M  and  L  N  =  — y-jvf — 

M  E 

s  i^'xtw   Therefore  the  force  acting  upon  M  towards 

ME 
E  is  as  M  E  -I-  U^*t  consequently  it  will  increase 

the  attraction  of  E,  but  it  will  not  be  inversely  art  th 
tiquare  of  the  distance ;  and  therefore  M  will  not  de- 
scribe an  ellipse  round  E,  and  the  force  N  S  does 
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not  tend  towards  E,  nor  does  the  force  resulting  from 
compounding  L  N«  or  M  E^  or  L  N  +  M  £^  with  N  S, 
tend  to  E.  So  that  the  areas  will  not  be  proportional 
to  the  times.  Therefore,  also,  this  deviation  from  the 
elliptical  form  and  from  the  proportional  description 
of  the  areas  will  be  the  greater,  as  the  distances  L  N 
and  N  S  are  smaller.     Again,  let  S  attract  E  with 

a  force  as  ^-r;, ;  if  this  were  equal  to  S  N,  it  would, 

by  combining  with  S  N,  that  is,  with  the  attraction 
of  S  on  M,  produce  no  alteration  in  the  relative 
motion  of  M  and  E.  Therefore,  that  alteration  is 
only  caused  by  the  difference  between  S  N  and 

1 
g-j^i ;  wherefore  the  nearer  S  N  is  to  the  proportion 

of  oTTi,  that  is  (because  of  the  proportion  of  S  L  = 

1    \ 
g-|^-,  I,  the    nearer  S  N  is  to   unity,  the  mean 

force  upon  M,  and  the  nearer  the  forces  exerted  by 
S  on  M  and  on  E  approach  to  equality,  the  less  will 
the  elliptical  orbit  be  disturbed,  and  the  more  nearly 
will  the  areas  be  described  proportionally  to  the 
times.  If  the  disturbing  force  of  S  acts  in  a  plane 
different  from  that  in  which  M  and  E  are,  M  wiD 
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be  daBected  from  the  plane  of  iu  orbit,  because  the 

force  S  N  —  g-ig,  will  not  pass  through  E ;  conse- 

quently  tliis  doHoction  will  be  greater  or  less  in  pro* 
portion  as  tliis  difference  is  greater  or  less,  and  will 

be  least  when  g-. .,  is  nearly  equal  to  the  mean  force 

of  S  upon  M. 

We  have  hitherto  been  supposing  Sthe  greater  body 
round  which  M  and  K  revolve  to  be  at  rest  wliile  they 
revolve  round  each  other  (the  case  of  the  earth  and 
of  other  planets  having  satellites.)  If  we  now  suppose 
E  the  greater  and  central  body,  and  that  M  and  S 
both  move  round  E  (tlie  case  of  the  planets  round 
the  lun),  a  similar  proposition  may  be  demonstrated 
with  respect  to  tlio  disturbances  ;  and  it  is  further 
clear  in  this  case  tliat  if  8  moves  round  G,  the  centre 
of  gravity  of  M  and  E,  the  orbit  of  S  will  be  less 
drawn  from  the  elliptical  form,  and  its  radius  vector 
will  describe  areas  more  nearly  pro{)ortional  to  the 
times  than  if  it  moved  round  E.  This  appears 
clearly  from  obser^'ing  that  the  direction  of  the  cen- 
tripetal  force   towards  G,  ttiat  is  S  G,  must  ^^ 

nearer  E  tlian  M  ;  that  the  attractive  forces  by  w 

1  1 

8  is  drawn  are  as  j'TTi  —  g^  i  ^^^  ^^^^  ' 
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ing  force  lies  in  the  line  S  G ;  and  also  that  S  M 
varies^  while  S  E  remains  the  same,  or  nearly  so. 

In  all  these  cases  the  absolute  attractive  forces  are 
as  the  masses  of  the  attracting  bodies ;  and  if  there 
are  a  number  of  these.  A,  B,  C,  E,  &c.,  of  which 

1       1 

A  attracts  all  the  rest  with  forces  as  yr,*  — Tj*  &c., 

(D,  d.  See,  being  the  distances  from  A,)  and  B  also 

1     1 

attracts  A,  C,  E,  &c.,  as  -tt;'  ^>  &c.,  the  absolute 

attraction  of  A  and  B  towards  each  other  arc  as 
the  masses  A  and  B.  Hence  in  a  system,  as  of  a 
planet  and  its  satellites,  if  the  latter  revolve  in 
ellipses,  or  nearly  so,  and  describe  areas  propor- 
tional, or  nearly  so,  to  the  times,  the  forces  are 
mutually  as  the  masses  of  the  bodies ;  and  conversely 
if  the  forces  are  proportional  to  the  masses,  and 
ellipses  are  described  and  areas  as  the  times,  the 
mutual  attractions  of  all  are  inversely  as  the  squares 
of  the  distances. 

It  is  proved,  by  reasoning  of  the  same  kind,  that 
the  disturbing  force  of  S  is  greatest  when  M  is  in 
the  points  C  and  D  of  the  orbit  (or  the  qiiadrc^ 
tvres),  and  least  when  M  is  in  A  and  B  (or  the 
line    of   conjunction    and    opposition   called  the 
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flyzy|rics).  When  M  is  moving  from  C  to  A  and 
from  D  to  li,  the  disturbing  forco  accelerates  the 
motion  of  M,  which  then  moves  along  witli  the  dis* 
turbing  force.  When  M  moves  from  A  to  D,  and 
from  B  to  C,  its  motion  is  retarded^  because  tlie 
disturbing  force  acts  against  the  direction  of  M*s 
motion.  So  M  moves  more  swiftly  in  syzygios  than 
ID  quadrature,  and  its  orbit  is  less  curved  in  quad- 
rature than  in  syzygirs;  but  it  will  recede  further 
from  R  in  quadrature,  unless  the  eccentricity  of  the 
orbit  should  be  such  as  to  counterbalance  this  reces- 
sion«  for  the  operation  of  the  combined  forces  is  two- 
fold; it  both  makes  the  line  of  apsides  move  forward 
in  one  point  of  the  body's  revolution  and  backward 
in  another,  but  more  forward  than  backward,  and  so 
upon  the  whole  makes  it  advance  somewhat  <*ach 
revolution  (an  we  before  saw)  ;  and  it  also  in(;roaH(*H 
the  eccentricity  of  the  orbit  between  quadrature  and 
S)'zygy,  an<l  diminishes  that  eccentricity  l)ctween 
the  syzygy  and  quadrattiro.  So  of  the  mclination 
0  rnu  orbit^  wliich  is  always  dimini^^hed  betwcffu 
quadrature  and  syzygies,  and  increased  between 
syzy^y  and  qnadratun%  and  is  at  the  minimum 
when  tlie  nodes  are  in  quadrature  and  the  bo<ly 

itself  in  syzygy* 
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We  found  before  that  the  force  L  N  was  as 

ME 

^-jTi'    The  forces  L  N  and  N  E  are  directly  as 

the  mass  S,  and  when  S  is  very  distant,  the  forces 

S 
L  N  and  N  E  vary  as  o^,  or  inversely   as   the 

squares  of  the  periodic  times;  and  if  at  a  given 
dbtance  the  absolute  disturbing  force  be  as  the 
magnitude  of  the  disturbing  body,  whose  diameter 

is  d,  these  forces  are  as  ^-^5 ;  or  as  the  cube  of  the 

apparent  diameter  of  S.  Also  if  instead  of  one. 
satellite,  M ,  moving  round  E,  we  have  several  whose 
orbits  are  nearly  of  the  same  form  or  inclination 
(like  the  first  three  of  Jupiter),  the  mean  motion  of 
their  apsides  and  nodes  each  revolution  are  directly 
as  the  squares  of  their  periodic  times,  and  inversely 
as  the  squares  of  the  planet's  time,  and  the  two 
motions  (apsides  and  nodes)  are  to  one  another  in 
a  given  ratio. 

We  now  have  one  of  those  extraordinary 
instances  which  abound  in  his  writings,  of  Sir 
Isaac  Newton's  matchless  power  of  generalization; 
of  apprehending  remote  analogies,  and  thereby 
extending  the  scope  of  his  discoveries.     Having 
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shown  how  the  disturbing  forces  of  bodies  in  a 
system  act  upon  their  motions  with  respect  to  each 
other^  he  now  examines  the  effect  of  such  forces 
upon  the  constitution  of  the  bodies  themselTcs. 
He  supposes,  for  example,  that  a  number  of  masses 
of  a  fluid  revolve  round  E  at  equal  distances  from 
it  by  the  same  laws  of  attraction  by  which  M 
moves  round  E^  and  that  these  masses  are  thus 
formed  into  a  ring ;  then  it  follows  that  the  por- 
tions of  this  ring  will  move  quicker  in  syzygy  than 
in  quadrature^  that  is>  quicker  at  A  and  B  than  at 
G  and  D ;  also,  that  the  nodes  of  the  ring,  or  the 
intersections  of  its  plane  with  the  plane  S  E,  will 
be  at  rest  in  syzygy,  and  move  quickest  in  quad- 
rature, and  that  the  ring's  axis  will  oscillate  as  it 
revolves^  and  its  inclination  will  vary,  returning  to 
its  first  position,  unless  so  far  as  the  precession  of 
the  nodes  carries  it  forward.  Suppose  now  £  to 
be  a  solid  body  with  a  hollow  channel  on  its 
surface,  and  that  E  increased  in  diameter  until  it 
meets  the  ring,  which  now  fills  that  channel,  and 
suppoBe  E  to  revolve  round  its  own  axis — the 
nMtkm  of  -the  fluid,  alternately  accelerated  and 
retarded  (at  we  have  shown),  will  differ  from  the 
eqmble]  rotatory  motion  of  the  soUd  on  its  axis. 
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being  quicker  than  the  globe*s  motion  i     syzygy 
and  slower  in  quadrature.     If  S  exerts  no  force,  th 
fluid  will  not  have  any  ebbs  and  flows,  but  move  a 
round  a  centre  that  is  at  rest ;  but  if  the  varying 
attraction  of  S  operates,  bdng  greater  when  the 
distance  is  less,  tlie  disturbing  force  acting  ia  the 

direction  S  L,  and  being  as    ^^t »  will  raise  the 

fluid  in  A  and  B,  or  in  syzygy,  and  from  thenc^  to 
quadrature,  C  and  D,  while  the  force  LN  wiH 
depress  it  in  quadrature,  C  and  D,  and  from  thencje 
to  syzygy,  A  and  B.  If  we  now  suppose  the  rimg 
to  become  solid,  and  the  size  of  E  to  be  again  re- 
duced, the  inclination  of  the  ring  will  vary,  and 
oscillate ;  and  the  precession  of  its  nodes  will  con- 
tinue the  same — and  so  would  the  globe,  if,  without 
any  ring  at  all,  it  had  an  accumulation  of  matter  in 
the  equator,  or  had  matter  of  greater  density  there 
than  elsewhere,  and  at  the  poles.  If,  on  the  other 
hand,  there  is  more  matter  at  the  poles,  or  matter 
of  a  less  dense  kind  at  the  equator,  the  nodes  will 
advance  instead  of  receding.  So  that  by  knowing 
the  motion  of  the  nodes,  we  can  estimate  the  con 
stitution  of  the  globe ;  and  a  perfectly  spherical  and 
homogeneous   globe  will  move  equally,  and  witi 
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a  tingle  motion  only  round  its  axis.      No  otiicr 
will. 

The  Sixty-sixth  Proiiosition,  or  rathrr  Uh  twenty- 
two  corollaries,  constitute  perhops  the  most  extraor- 
dinary portion  of  tlie  Principin.  Wo  have  Moon  that 
Sir  Itame  Newton  here  declucos  most  of  the  leading; 
disturbances  in  the  motions  of  thrc*o  bodies,  for 
example,  the  moon,  earth,  and  sun,  from  tlio  pro- 
positions which  hud  been  before  demonntratrd. 
We  percrivo  in  succession  the  motion  of  longitude 
and  latitude; , the  various  annual  equations,  motion 
of  the  apsides  (in  wliich,  however,  by  omitting  tho 
consideration  of  tho  tangential  force,  he  calculated 
the  amount  at  one  half  its  tnie  value),  tho  evection.* 
the  alteration,  and  inclination  ;  the  motion  of  the 
nodes.  Kven  the  doctrine  of  the  1)do«.and  thr  {Re- 
cession of  the  equinoxes,  are  all  hHndl«*d  clrnrly. 
though  concisi-ly.  in  thi-*  proi*<»'iition.  The  greater 
part  oftht*  Third  Boole  ]n  ftcv^iym]  with  lite  af/j'1i- 
cation  of  these  corollari*'*  U»  tlie  artuiil  cfi*?  of  ll>e 
boon,  earth,  and  Mjn ;  and  i*  i«  iiof  tmj  *^»22«Ta- 
tion  to  affirm  thi^t  t}»e  ^rf^at  irjT<'«:^iga^'K/yi«  whi/ti 

▼OL.  IK  ^ 
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have  been  undertaken  since  the  time  of  Sir  laaac 
Newton>  and  of  which  we  have  just  been  surveying 
the  principal  results^  are  an  application  of  the  im- 
proved calculus  to  continue  the  inquiries  which  he 
thus  here  began. 

The  propositions  respecting  the  masses  of  the 
attracting  bodies  which  we  considered  before  the 
corollaries  to  the  Sixty-sixth  Proposition  (although 
they  come  later  in  the  Principia),  and  the  latter 
of  those  corollaries,  naturally  lead  to  themibject  of 
the  next  two  sections^  the  one  up<m  the  attraeticm 
of  spherical  bodies,  the  other  upon  that  of  bodto 
not  spherical. 

i.  The  attraction  exerted  by  sjJierical  surfaces  and 


by  hollow  spheres  is  first  considered.  If  P  be  a 
particle  situated  anywhere  within  A  B  D  C,  and  we 
conceive  two  lines  A  D^  B,C>  infinitely  near  eaeb 
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other  drawn  through  P  to  the  gurface^  and  if  theie 
lines  revolve  round  aPb,  which  passes  from  the 
middle  points  a  and  b,  of  the  small  arcs  D  C  and  A  B, 
through  P»  there  will  two  opposite  cones  be  de- 
cribed ;  and  the  attraction  of  the  small  circles  D  C, 
A  B  upon  P^  will  be  in  the  lines  from  each  point  of 
those  circles  to  P>  of  which  lines  C  P,  DP,  are  two 
from  one  circle,  and  A  P,  B  P»  two  from  the  other 
circle.  Now  this  attraction  of  the  circle  C  D  is  to  that 
of  the  circle  A  B»  as  tlie  circle  C  D  to  the  circle  A  B, 
or  as  C  D'  to  A  B'  (the  diameters),  and  by  similar 
triangles  CD«  ;  AB«  ::  PO  :  PA",  But  by 
hypotliesisy  the  attraction  of  C  D  is  to  that  of  A  B 
as  A  P*  :  PC*;  therefore  the  attraction  of  D C  is 
to  the  opposite  attraction  of  A  B  as  A  I'*  to  P  C, 
and  also  as  P  C  to  A  P,  or  as  A  P*  x  I'  C"  to 
A  P*  X  P  C*,  and  therefore  those  attractions  are 
equal ;  and  being  opposite  they  destroy  one  another. 
In  like  manner,  any  particle  of  the  spherical  surface 
on  one  side  of  P,  acting  in  the  direction  a  P, 
is  equal  as  well  as  opposite  to  the  attraction  of 
another  particle  acting  on  the  opposite  side,  and 
so  the  whole  action  of  every  one  part  '^  de- 
stroyed by  the  opposite  action  of 
particle ;  and  F  is  not  at  all  attcad 
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of  the  spherical  sutface ;  or  the  sum  of  all  the 
attractions  upon  P  is  equal  to  nothing.  So  of  a 
hollow  sphere ;  for  every  such  sphere  may  be 
considered  as  composed  of  innumerable  coDcen- 
trie  spherical  surfaces^  to  each  of  which  the 
foregoing  reasoning  applies ;  and  consequently  to 
their  sum. 

We  may  here  stop  to  observe  upon  a  remarkable 
inference  which  may  be  drawn  from  this  theorem. 
Suppose  that  in  the  centre  of  any  planet,  as  of  tbe 
earthy  there  is  a  large  vacant  spherical  space,  or 
that  the  globe  is  a  hollow  sphere ;  if  any  particle  or 
mass  of  matter  is  at  any  moment  of  time  in  any 
point  of  this  hollow  sphere,  it  must,  as  far  as  the 
globe  is  concerned,  remain  for  ever  at  rest  there, 
and  suffer  no  attraction  from  the  globe  itself.  Then 
the  force  of  any  other  heavenly  body,  as  the  moon, 
will  attract  it,  and  so  will  the  force  of  the  sun. 
Suppose  these  two  bodies  in  opposition,  it  will  be 
drawn  to  the  side  of  the  sun  with  a  force  equal  to 
the  difference  of  their  attractions,  and  tliis  force 
will  vary  with  the  relative  position  (configuratjpil) 
of  the  three  bodies;  but  from  the  greater  at^raclij 
of  the  sun,  tbe  particle,  or  body,  yfifl  alw 
on  the  side  of  the  hollow  globe  n^t^ 
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•Now  the  earth's  attraction  will  exert  no  influence 
over  the  internal  body,  even  when  in  contact  with 
tlie  internal  surface  of  the  hollow  sphere  ;  for 
the  theorem  which  we  have  just  demonstrated  is 
^uite  general,  and  applies  to.  particles  wherever 
situated  within  the  sphere.  Therefore,  although  the 
earth  moves  round  its  axis,  the  body  will  always 
Continue  moving  so  as  to  shift  its  place  every 
instant  and  retain  its  position  towards  the  sun. 
In  like  manner,  if  any  quantity  of  movable  particles, 
thrown  off,  for  example,  by  the  rotatory  motion  of 
the  earth,  are  in  the  hollow,  they  will  not  be 
attracted  by  the  earth,  but  only  towards  the  sun, 
and  will  all  accumulate  towards  the  side  of  the 
hollow  sphere  next  the  sun.  So  of  any  fluid,  whether 
water  or  melted  matter  in  the  hollow,  provided  it 
do  not  wholly  fill  up  the  space,  the  whole  of  it  will 
be  accumulated  towards  the  sun.  Suppose  it  only 
enough  to  fill  half  the  hollow  space  ;  it  will  all  be 
accumulated  on  one  side,  and  that  side  the  one  next 
the  sun ;  consequently  the  axis  of  rotation  will  be 
changed  and  will  not  pass  throngh  the  centre,  or 
even  near  it,  and  will  constantly  be  altering  its 
position.  Hence  we  may  be  assured  that  there  is 
no  such  hollow   in   the  globe  filled  with  melted 
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matter,  or  any  hoHow  at  aU,  inasmuch  as  there 
could  no  hollow  exist  without  snch  aecnmidatioiM^ 
in  consequence  of  particles  of  the  internal  spherical 
surface  being  constantly  thrown  off  by  the  rotatory 
motion  of  the  earth. 


If  A  H  K  be  a  spherical  section  (or  great  circle), 

P  R  K  and  P  I  L  lines  from  the  particle  P,  and 

infinitely  near  each  other,  S  D,  S  E  perpendiculars 

from  the  centre,   and   I  q  perpendicular  to  the 

diameter ;  then,  by  the  similar  triangles  P  I  R, 

P  J9  D,  we  find  that  the  curve  surface  bounded  by 

I  H,  and  formed  by  the  revolution  of  I  H  K  H  LI 

round  the  diameter  A  B,  and  which  is  proportional 

IP 
to  I  H  X  I  ?>  IS  as  p  R  ^  PS ; 

tion  upon  the  particle  P  is  as  the  surface  directly, 

and  the  square  of  the  distance  inversely,  or  pys,  that 

1 


and  if  the  attrac- 


attraction  will  be  as 


Pj?  X  P  S- 


But  if  the  force 
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aeting  in  the  line  P I  is  resolred  into  one  acting  in  P  S 
and  another  acting  in  S  D,  the  force  upon  P  will  be  as 

Pq 

p-jt  or  (because  of  the  similar  triangles  P  I  Q« 

Pp 

P  S ^)  as  pg.    The  attraction,  therefore,  of  the 

infinitely  small  curvilinear  surface  formed  by  the 

revolution  of  I  H  is  as  p p-g,  or  as  77^, ;  that 

is  inversely  as  the  square  of  the  distance  from  the 
centre  of  the  sphere.  And  the  same  may  be  shown 
of  the  surface  formed  by  the  revolution  of  K  L, 
and  so  of  every  part  of  the  spherical  surface.  There- 
fore the  whole  attraction  of  the  spherical  surface 
will  be  in  the  same  inverse  duplicate  ratio. 

In  like  manner^  because  the  attraction  of  a  homo- 
geneous sphere  is  the  attraction  of  all  its  particles, 
and  the  mass  of  these  is  as  the  cube  of  the  sphere*8 
diameter  D,  if  a  particle  be  placed  at  a  distance 
from  it  in  any  given  ratio  to  the  diameter,  as 
m.  D,  and  the  attraction  be  inversely  as  the  square 
of  that  distance,  it  will  be  directly  as  D*,  and  also  as 

jTi,  and  therefore  will  be  in  the  simple  proportion 


«■ 


of  D«  the  diameter.     Hence  if  two  similar  solids 
are  composed  of  equally  dense  matter,  and  have 
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an  attraction  inversely  as  the  square  of  the  distance, 
their  attraction  on  any  particle  similarly  placed  with 
respect  to  them  will  be  as  their  diameters.  Thus, 
also,  a  particle  placed  within  a  hollow  spheroid^  or 
in  a  solid,  produced  by  the  revolution  of  an  ellipsis, 
will  not  be  attracted  at  all  by  the  portion  of  the  sdid 
between  it  and  the  surface,  but  will  be  attracted 
towards  the  centre  by  a  force  proportioned  to  its 
distance  from  that  centre. 

It  follows  from  these  propositions^  firsts  that  any 
particle  placed  within  a  sphere  or  spheroid^  not 
being  affected  by  the  portion  of  the  sphere  or 
spheroid  beyond  it,  and  being  attracted  by  the  rest 
of  the  spliere,  or  spheroid  in  the  ratio  of  the  diameter, 
the  centripetal  force  within  the  solid  is  directly  as  the 
distance  from  the  centre ; — secondly j  that  a  homo- 
geneous sphere,  being  an  infinite  number  of  hollow 
spaces  taken  together,  its  attraction  upon  any  particle 
placerl  without  it  is  directly  as  the  sphere,  and  in- 
versely as  the  square  of  the  distance ; — thirdly,  that 
spheres  attract  one  another  with  forces  proportional 
to  their  masses  directly,  and  the  squares  of  the  dis- 
tances from  their  centres  inversely ; — -fourthly ^  that 
the  attraction  is  in  every  case  as  if  the  whole  mass 
wereplacedin  the  central  point ;— ;/Z/if  AZy,  that  though 
the  spheres  be  noV.\iomo^ci^^wia,^^\.\^  l\v<5i density 
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^  each  Taries  so  that  it  is  the  same  at  equal  dis- 
tances from  the  centre  of  each,  the  spheres  will 
attract  one  another  with  forces  inversely  as  the 
squares  of  the  distances  of  their  centres.  The  law 
of  attraction,  however,  of  the  particles  of  the  spheres 
being  changed  from  tlie  inverse  duplicate  ratio  of 
the  distances  to  the  simple  law  of  the  distances 
directly,  the  attractions  acting  towards  the  centres 
will  be  as  the  distances,  and  whether  the  spheres 
are  homogeneous  or  vary  in  density  according  to 
any  law  connecting  the  force  with  the  distance 
from  the  centre,  the  attraction  on  a  particle  without 
will  be  the  same  as  if  the  whole  mass  were  placed 
in  the  centre ;  and  the  attraction  upon  a  particle 
within  will  be  the  same  as  if  the  whole  of  the  body 
comprised  within  the  spherical  surface  in  which 
the  particle  is  situated  were  collected  in  the  centre. 
From  these  theorems  it  follows,  that  where  bo- 
dies move  round  a  sphere  and  on  the  outside  of  its 
surface,  what  was  formerly  demonstrated  of  eccen- 
tric motion  in  conic  sections,  the  focus  being  the 
centre  of  forces,  applies  to  this  case  of  the  attraction 
being  in  the  whole  particles  of  the  sphere ;  and 
where  the  bodies  move  within  the  spherical  surface, 
what  was  demonstrated  of  concentric  motion  in 
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those  curves,  or  wherre  tbe  centre  of  the  eoTTe  is 
tiiat  of  tbe  attracting  forces,  applies  to  tke  case  of 
the  sphere's  centre  being  that  of  attraction.  For 
in  the  {brmer  case  the  centripetal  force  decreaeesBs 
the  square  of  the  distance  increases ;  and  in  the 
latter  case  that  force  increases  as  the  distance  in- 
creases. Thus  it  is  to  be  observed,  that  in  the  two 
cases  of  attraction  decreasing  inversely  as  the 
squares  of  the  c^itral  distance  (the  case  of  gravi- 
tation beyond  the  surface  of  bodies),  and  of  attrac- 
tion increasing  directly  with  the  central  distance 
(the  case  of  gravitation  within  the  surface), 
the  same  law  of  attraction  prevails  with  respect 
to  the  corpuscular  action  of  the  spheres  as 
regulates  the  mutual  action  of  those  spheres 
and  their  motions  in  revolution.  But  this  identity 
of  the  law  of  attraction  is  confined  to  these  two 
cases. 

Having  thus  laid  down  the  law  of  attraction  for 
these  more  remarkable  cases,  instead  of  going 
through  others  where  the  operation  of  attraction  is 
far  more  complicated.  Sir  Isaac  Newton  gives  a 
general  method  for  determming  the  attraction 
whatever  be  the  proportions  between  the  force  and 
the  distance.    This  method  is  marked  by  all  the 
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fMOMtrical  elegance  of  the  author's  other  ■ohitioni; 
anil  thoufh  it  depends  upon  quadratures^  it  is  net 
liable  to  the  objections  in  practice  which  we  before 
iimiid  to  lie  against  a  similar  method  applied  to  the 
finding  of  orbits  and  forces;  for  the  results  are 
easily  enough  obtained^  and  in  convenient  forms. 

If  A  E  B  is  the  sphere  whose  attraction  upon  the 
point  P  it  is  required  to  determine^  whatever  be  the 
proportion  according  to  which  that  attraction  varies 
with  the  distance^  and  only  supposing  equal  particles 
of  AEB  to  have  equal  attractive  forces;  then 
from  any  point  E  describe  the  circle  E  F,  and  an- 
otlier  e/  infinitely  near,  and  draw  E  D,  ed  ordi- 
nates  to  the  diameter  A  B.  The  sphere  is  com- 
posed of  small  concentric  hollow  spheres  E  e  fF; 
and  its  whole  attraction  is  equal  to  the  sum  of  their 
attractions.  Now  that  attraction  of  E  c  /F  is  pro- 
portional to  its  surface  multiplied  by  F/,  and 
the  angle  DEr  being  equal  to  DPE  (because 
PEr  is  a  right  angle  by  the  property  of  the  cir- 

PEx  T>d 

cle),  therefore  E  r  = jyr, — ,  and  if  we  call 

PE,orPF=:r,ED  =  y,andDF=:a:,Dd  will 
he  dx,  and  E  r= ;  and  the  ring  generated  by 
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the  revolution  of  r  E  is  equal  to  r  E  x  E  D,  or 
r  E  X  y  ;  therefore  this  ring  is  equal  to  rdx,  or 
the  attraction  proportional  to  the  whole  ring  E  e 
will  be  proportional  to  the  sum  of  all  the  rectangles 

PD  X  D  d,  or  (a  —  rr)  rfa?;  that  is,  to  the  fluent 

2ax  —  re* 
of  this  quantity,  or  to   2 >  which  by  the 

property  of  the  circle  is  equal  to  -j .    Therefore 

the  attraction  of  the  solid  E  efF  will  be  as  t/"  x  F/, 

if  the  force  of  a  particle  Fy  on  P  be  given;  if  not,  it 

will  be  as  y*  X  F/  x/  that  force.     Now  d  x  :  F/ 

VSxdx 
: :  r  :  PS,  and  therefore  F/  = , and  the 
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attraction  of  Ke/F  w  a« ;  or 

taking/ =  r*  (as  any  power  of  the  distance  P  E), 

tbea  the  attraction  of  Ee/F  is  as  PS.r-'y*  dx. 

Take  DN(=v)  equal  to   PS  .  r^-'y«,  and  let 

BDsz  z,  and  the  curve  B  N  A  will  be  described, 

and  the  fluxional  area  NDctn   will  be  ndzs: 

(by    construction)   PS.r^'y'dx;    consequently 

vdz  will  be  the  attractive  force  of  the  fluxional  solid 

Ke/F;  SLXxAfudz  will  be  that  of  the  whole  body 

or  sphere  A  K  B,  therefore  the  area  A  N  B=y  m  d  z 

is  equal  to  the  whole  attraction  of  the  sphere. 

I  faring  reduced  the  solution  to  the  quadrature  of 

A  N  B,  Sir  Isaac  Newton  proceeds  to  show  how 

that  area  may  be  found.     He  confines  himself  to 

geometrical  metliods ;  and  the  solution,  although 

extremely  elegant,  is  not  by  any  means  so  short  and 

compendious  as  the  algebraical  process  gives.    Let 

lis  first  then  find  the  equation  to  the  curve  A  N  B 

by  referring  it  to  the  rectangular  coordinates  D  N, 

AD«      Calling  these  %i  and  x   respectively,   and 

making  P A  =  6,  AS  (the   sphere's  radius)   =  a 

f 
and  P  S,  or  a  -f6>  for  conciseness,  :=  :j.   Then  D  E' 
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=  2ajr-a:«;  PE=  V(6  +  a?)«  +  2  aa?  -  a;*  = 

Vft*  +  2  (a  +  6)  a:  =  *Jb^  +fx',  and  DN=:y= 

(a+  6)  (2aa:— «•)     , 
(by  construction)  m >  the  attrac- 

live  force  of  the  particles  being  supposed  as  the 

1 

—  th  power  of  the  distance^  or  inversely  as  (6*+/^)^i 

This  equation  to  the  curve  makes  it  always  of 
the  order  — ^ — r.     If  then  the  force  is  inversely  as 

the  distance,  A  N  B  is  a  conic  hyperbola ;  if  in- 
versely as  the  square,  it  is  a  curve  of  the  fifth  order; 
and  if  directly  as  the  distance,  it  is  a  logarithmelic; 
if  inversely  as  the  cube,  the  curve  is  a  conic  hy- 
perbola. 

The  area  may  next  be  determined.   For  this  pur- 

;f{2  ax  — x^)  dx 
Let  2(a/+b*)  =  /h  this  fluent  will  be  found  to 


be-TT^    X    -A.x(f+/a:)'-?-     ^ 


4(a  +  by         3-w  "^     '  1  -n 
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X  (2  «  +  by  (6«  +fx)'-=r_{^±f±  » 

4-  C  :  and  the  constant  C  is  X  f 

+  (!A±^'J!r  _  _*_  6-\   Tofindtheat. 
1  —  n  3  —  n      '  / 

traction  of  the  whole  sphere,  when   a?  =  2  a,  we 
have    1 X  f    ^      (2  a  +  6)-"  -  -^ 

X  (2  a  +  6)*-"  —  1 Z^J—  + +  — 


5  —  71  5—71       1  —  n 

X  (2  a  +  6)*-     ^      )  for  the  whole  area  A  NB, 

3  — n/ 

or  the  whole  attraction.  This  in  every  case  gives 
an  easy  and  a  finite  expression,  excepting  the  three 
cases  of  w  =  1,  n  :=  3,  and  w  =  5,  in  which  cases 
it  is  to  be  found  by  logarithms,  or  by  hyperbolic 
areas.  If  P  is  at  the  surface,  or  A  P  =  6  =  0,  and 
71  =  2,  then  the  expression  becomes  as  a,  that  is, 
as  the  distance  from  the  centre  directly.  We  may 
also  perceive  from  the  form  of  the  expression,  that 
if  n  is  any  number  greater  than  3,  so  that  n  —  3  = 
—  m,  the  terms  6'"*  become  inverted,  and  b  is  in 

their  denominator  thus :  -^ — ^        ^    «     Hence,   if 

( 1  -.  n)  5"» 

A  P  =  6  =  0,  or  the  particle  is  in  contact  with 
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the  sphere,  the  expression  involves  an  infioke  guan* 
tity,  and  becomes  infinite.  The  construction  of  Sir 
Isaac  Newton  by  hyperbolic  areas  leads  to  the  game 
result  for  the  case  of  n  =  3,  being  one  of  those 
three  where  the  above  formula  fails.  At  the  origin 
of  the  abscissae  we  obtain,  by  that  construction, 
an  infinite  area ;  and  this  law  of  attraction,  where 
the  force  decreases  in  any  higher  ratio  than  the 
square  of  tlie  distance,  is  applicable  to  the  contact 
of  all  bodies  of  whatever  form,  the  addition  of  any 
other  matter  to  the  spherical  bodies  having  mam- 
festly  no  effect  in  lessening  the  attraction. 

By  similar  methods  we  find  the  attraction  of  any 
portion  or  segment  of  a  sphere  upon  a  particle 
placed  in  the  centre,  or  upon  a  particle  placed  in 
any  other  part  of  the  axis.  Thus  in  the  case  of  the 
particle  being  in  the  centre  S,  and  the  particles  of 

the  segment  R  B  G  attracting  with  forces  as  the  - 

power  of  the  distance  S  O  or  S  I,  the  curve  A  N  B 
will  by  its  area  express  the  attraction  of  the  spherical 

segment,  if  D  N  or  y  be  taken  =  12!  =  i^z^^zi., 

SD        (ac^a)* 

S  O  being  put  =  c,  and  A  D  =  ic,  and  A  S  ss  a, 

as  before \  f  y  dx  may  be  found   as  before  by 
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integrating  ^fZii)!^_^Il£llf.     The    fluent    is 

(x  —  a)- 

^'  -,  °)'r  -  c«  C^  -  °)'-  +   C;    and    C  = 
3  —  n  1  —  n 

;  and  the  whole  attraction  of  the 


n*  —  4  n  4-  3 

segment  upon  the  jjarticle  at  the  centre  S  is  equal  to 


S— w         1  —  n         n"  —  4n  +  3 

the  attraction  is  as  ^^ — H— i-,  or  as  O  B"  directly, 

a 

9Jad  as  S  B  inversely ;  and  if  c  =  o,  or  the  attraction 

is  taken  at  the  centre,  it  is  equal  to  a ;  and  if  the 

attraction  is  as  the  distance,  or  n  =:  1,  then  the 

attractive  force  of  the  segment  is  —  (a*—  c*)\ 

ii.  Our  author  proceeds  now  to  the  attractions  of 
-Jbodies  not  spherical;  an  inquiry  not  perhaps,  in  its 
^greater  generality,  of  so  much  interest  in  the  science 
of  Physical  Astronomy,  where  the  masses  which  form 
'ih6  subjects  of  consideratioti  are  either  spherical,  or 
vefy  nearly  spherical,  to  which  our  examination  has 
hitherto  been  confined.  But  this  concluding  part, 
nevertheless,  contains  some  highly  important  truths 
lavail^ble  in  astronomical  science,  because  it  leads. 
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among  other  things,  to  determining  the  attraction  of 
spheroids,  the  true  figures  of  the  planets. 

The  attractions  of  two  similar  bodies  upon  two 
similar  particles  similarly  situated  with  respect  to 
them,  if  those  attractions  are  as  the  same  power  of 

the  distances  _,  are  to  one  another  as  the  masses 

n 

directly,  and  the  n^  power  of  the  distances  in- 
versely, or  the  ri^  power  of  the  homologous  sides 
of  the  bodies ;  and  because  the  masses  are  as  the 
cubes  of  these  sides,  S  and  s,  the  attractions  are  as 
S».»« :  *».S-,  or  as  *"-* :  S"^.  Therefore  if  n  =  1, 
the  attraction  is  as  S'  :  s* ;  if  the  proportion  is  that 
of  the  inverse  square  of  the  distance,  the  attraction 
is  as  S  :  « ;  if  that  of  the  cube,  the  attraction  is  as 
1  :  I9  or  equal ;  if  as  the  biquadratej  the  attraction 
is  as  ^  :  S ;  and  so  on :  and  thus  the  law  of  the 
attractive  force  may  be  ascertained  from  finding  the 
action  of  bodies  upon  particles  similarly  placed. 

Let  us  now  consider  the  attraction  of  any  body, 
of  what  .form  soever,  attracting  with  force  propor- 
tioned to  the  distance  towards  a  particle  situated 
beyond  it.  Any  two  of  its  particles  A  B  attract  P, 
with  forces  as  A  X  A  P  and  B  x  B  P>  and  if  G  is 
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tbeir  common  centre  of  gravity,  their  joint  attraction 
is  as  (A+B)  X  G  P,  because  B  P,b^g  resolwd 
into  B  G  and  G  P,  and  A  P  into  A  P  and  G  P, 


and  (by  the  property  of  the  centre  of  gravity) 
GPxA=APx  G,  therefore  the  forces  in  the 
line  A  P  destroy  each  other,  and  there  remain  only 
PGxB  and  P  Gx  A  to  draw  P,  that  is  (A  +  B) 
X  P  G ;  and  the  same  may  be  shown  of  any  other 
particles  C  and  the  centre  G'  of  gravity,  of  A,  C, 
and  B,  the  attraction  of  the  three  being  (A  +  B+C) 
X  G'  P.  Therefore  the  whole  body,  whatever  be 
its  form,  attracts  P  in  the  line  P  S,  S  being  the 
body's  centre  of  gravity,  and  with  a  force  propoar- 
tional  to  the  whole  mass  of  the  body  multiplied  by 
the  distance  P  S.  But  as  the  mutual  attractions  of 
^spherical  bodies,  the  attraction  of  whose  particles  is 
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as  their  distance  from  one  another^  are  tts  the  dis- 
tances between  the  centres  of  those  bodielK,  tfi^ 
attraction  of  the  whole  body  A  B  C  is  the  same 
with  that  of  a  sphere  of  equal  mass  whose  centre  is 
in  S,  the  body's  centre  of  gravity.     In  like  manner 
it  may  be  demonstrated  that  the  attraction  of  several 
bodies  A,  B,  C,  towards  any  particle  P,  is  directed 
to  their  common  centre  of  gravity  S,  and  is  equal 
to  that  of  a  sphere  placed  there,  and  of  a  mass  equal 
to  the  sum  of  the  whole  bodies  A,  B,  C ;  and  ti^ 
attracted  body  will  revolve  in  an  ellipse  with  a  force 
directed  towards  its  centre  as  if  all  the  attracting 
bodies  were  formed  into  one  globe  and  placed  in 
that  centre. 

But  if  we  would  find  the  attraction  of  bodies  whose 
particles  act  according  to  any  power  n  of  the  dis- 
tance, we  must,  to  simplify  the  question,  suppose 
these  to  be  symmetrical,  that  is,  formed  by  the  reVQr.. 
lution  of  some  plane  upon  its  axis.  Let  A  M  C  H  Gj 
be  the  solid,  M  G  the  diameter  of  its  extreme  circle ; 
of  revolution  next  to  the  particle  P ;  draw  P  M  and ; 
p  m  to  any  pari,  of  the  circle,  and  infinitely  near 
each  other,  and  take  P  D  =  P  M,  and  P  o  =  P  m; 
D  d  will  be  equal  to  o  M  {d  n  being  infinitely  near 
D  N),  and  the  ring  formed  by  the  revolution  of  M  m 
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ro^nd  A  B  will  be  as  the  rectangle  A  M  x  Mm, 
or  (because  of  the  triangles  A  P  M,  m  o  M,  being 


similar,  and  D  d=o  M)  P  Mx  Drf,  or  P DX  Drf. 
IM  t>  N  be  taken  =  y  =  force  with  which  any 
particle  attracts  at  the  distance  P  D  =  P  M  =  a:, 
that  is  as  X*;  and  if  A  P  =  6,  the  force  of  any 

particle  of  the  ring  is  as  — i-,  and  the  attraction  of 

the  ring,  described  by  M  m,  is  as  ^ y^Ddy^VD, 

...  ;/     .  X 
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or  Bs  b  y  d  X,  and  the  whole  attraction  of  the  circle 
whose  radius  is  A  M>  being  the  sum  of  aUthe  rings, 
will  be  as  bfy  d  x,  or  the  area  of  the  curve  L  N  I, 
which  is  found  by  substituting  for  y  its  value  in  x«  that 
is  ar".     This  fluent  or  area  is  therefore  =  hjtix 

=      ^      +  C ;  and  C  =  H Also,   making 

P  6  sr  P  E  in  order  to  have  the  whole  area  of 
L  N  I,  which  measures  the  attraction  of  the  whole 
circle  whose  radius  is  F  A,  we  have  {x  being  = 

P  6  =  c)  — -1 —  for  that  attraction.  Then 

71-j-l  n  +  2 

taking  D  N'  in  the  same  proportion  to  the  circle 

D  E  in  which  D  N  is  to  the  circle  A  F,  or  as  equal 

to  the  attraction  of  the  circle  D  E,  we  have  the 

curve  R  N  T,  whose  area  is  equal  to  the  attraction 

of  the  solid  L  H  C  F. 

To  find  an  equation  to  this  curve,  then,  and  from 
thence  to  obtain  its  area,  we  must  know  the  law  by 
which  D  E  increases,  that  is,  the  proportion  of  D  E 
to  A  D,  in  other  words,  the  figure  of  the  section 
A  F  E  C  B,  whose  revolution  generates  the  solid 

Thus  if  the  given  solid  be  a  spheroid,  we  find  that 
its  attraction  for  P  is  to  that  of  a  sphere  whose  dia- 
meter is  equal  to  the  spheroid's  shorter  axis,  as 
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-J — rr....*'  to   — - »  A  and  a  bein^  the  two  semi- 

axes  of  the  clIipHoid,  d  the  diHtancc  of  tho  particle 
attracted,  and  L  a  constant  conic  area  which  may 
be  found  in  each  case ;  the  force  of  attraction  being 
»uppoiM*d  inversely  Oft  tho  squares  of  tho  distances. 
But  if  the  particle  is  within  the  spheroid,  the  attrac- 
tion is  as  tlie  distance  from  the  centre,  according  to 
what  we  have  already  seen. 

Laplace*H  general  formula  for  the  attraction  of 
a  spherical  surfaci;,  or  layer,  on  a  particle  situated 

.     .  ,     ,    2  V  u  d  u 

(as  any  particle  must  w;)  in  its  axis,  is  ■ 

ffdf  X  S  *^fV»  ^^  which  y  is  thedintance  of  the 
]mrticle  from  the  point  where  the  ring  cuts  the 
sphere,  r  its  distance  from  the  centre  of  the  sphere, 
or  the  distance  of  the  ring  from  that  centre,  d  u  con- 
sequently the  thicknesH  of  the  ring,  %  the  semi- 
circle whoso  radius  is  unity,  and  F  tho  func- 
tion of  y  reprewnting  the  attnicting  force.  The 
whole  attraction  of  the  sphere,  therefore,  is  the 
integral  taken  from  f  :=z  r  —  u  \of  2=  r  -^  u,  and 

the   expreswn  becomes -^ -¥  J  f  df  % 
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xyd/Fwith  (r  +  u) — (r  —  u),  substituted  for/, 
when  y*  results  from  this  integration.  Then  let  F  = 

-^f  or  the  attraction  be  that  of  gravitation ;   the 

2gr.tt  du   r  r  d  f 

expression  becomes I  y  d/  x  I    "fT  = 

2  'gr  .u  d  u'        f*  1  2  7g  .u  d  u 

Ji  ^   7    ^   "*  j?  ^  r  ^  "" 

(r  -f  u) — (r  —  m)        2  gr  w  rf  M 

2 =  J. X  -  w  =  -  2  »»« 

d  t*  X  "" ;  and  the  co-efficient  of  d  r,  taking  the 

2  grii*  dw 
fluxion  with  r  as  the  variable^  is  +  -]; ;  con- 
sequently the  attraction  is  inversely  as  the  square  of 
the  distance  of  the  particle  from  the  centre  of  the 
sphere^  and  is  the  same  as  if  the  whole  sphere 
were  in  the  centre.* 

The  First  Book  of  the  Principia  concludes  with 
some  propositions  respecting  the  motion  of  infi- 
nitely small  bodies  through  media^  which  attract 
or  repel  them  in  their  course,  that  is  to  say,  of  the 
rays  of  light,  which,  according  to  the  Newtonian 
doctrine,  are  supposed  to  be  bodies  of  this  kind, 

*  M^c.  C^l.  liv.  ii.  ch.  2.    The  expression  is  here  developed; 
but  it  coincides  with  the  analysis  in  §  11. 
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hard  and  elastic,  and  moving  with  such  rapidity  as 
to  pass  through  the  distance  of  the  sun  from  the 
earth,  or  95  millions  of  miles,  in  seven  or  eight 
minutes,  that  is,  with  a  velocity  of  above  211,000 
miles  in  a  second.  Sir  Isaac  Newton  shows  that, 
i^  the  medium  through  which  they  pass  attracts  or 
repels  them  from  the  perpendicular  uniformly, 
they  describe  a  parabola^  according  to  Galileo's  law 
of  projectiles  ;  but  if  the  attraction  or  repulsion  be 
not  equable,  another  curve  will  be  described ;  yet, 
that  in  either  case  the  sine  of  the  angle  of  inci- 
dence (or  that  made  with  the  plane  where  they 
enter  the  medium),  is  to  the  sine  of  the  angle  of 
refraction  (or  that  made  with  the  plane  they  emerge 
from)  in  a  given  ratio ;  that  the  velocities  before  in- 
cidence and  after  emerging  are  inversely  as  the 
sines  of  incidence  and  refraction ;  and  that  if  the 
velocity  after  incidence  is  retarded,  and  the  line  of 
incidence  inclined  more  towards  the  plane  of  the  re- 
fracting medium,  the  small  bodies  will  be  reflected 
back  at  an  angle  equal  to  that  of  incidence. 

He  then  remarks  on  the  inflexion  and  deflexion 
which  light  suffers  in  passing,  not  through,  but  by 
or  near  bodies,  as  discovered  by  Grimaldi,*  and  as 

*  Grimaldi  termed  it  diffraction. 
VOL.  II,  X 
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confirmed  by  his  own  experiments.  He  shows  that 
the  rays  are  bent  most  probably  in  curve  lines,  the 
nearest  rays  towards  the  bending  body,  the  furthest 
rays  away  from  it ;  and  he  infers  that^  in  refraction 
and  reflexion,  a  similar  curvilinear  bending  takes 
place  somewhat  before  the  actual  point  of  refraction 
and  reflexion.  He  further  mentions  the  colours 
formed  by  flexion,  as  three  coloured  fringes  or 
bands,  "  tres  colorum  fascias."  I,  however,  long  ago 
showed  (Phil.  Trans.  1797,  Part  H.)  that  this  is 
not  the  real  fact;  having  found  that  a  much 
greater  number  of  these  fringes  are  formed  by 
flexion,  and  that  they  are,  like  the  prismatic  spec- 
trum, images  of  the  luminous  body.  This  expe- 
riment has  been  repeated  by  Sir  David  Brewster 
and  others ;  nor  can  any  doubt  be  entertained 
that  there  are  innumerable  fringes  decreasing  in 
breadth,  and  in  the  breadth  of  the  dark  intervals 
between  them,  until  they  become  evanescent.  But 
as  if  it  were  the  fate  of  all  this  great  man's  dis- 
coveries, that  nothing  should  ever  be  added  to 
them  but  by  the  use  of  means  which  he  had 
himself  furnished,  it  was  only  by  applying  a  form 
of  experiment  which  Sir  Isaac  Newton  had  used 
in  examining  the  colours  of  thick  and  thin  plates, 
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that  this  important  fact  was  ascertained^  he  not 
having  subjected  the  phenomenon  first  observed  by 
Grimaldi  to  that  mode  of  investigation.* 

The  Fourteenth  Section  concludes  with  an 
elegant  solution  of  a  local  problem  in  Descartes's 
Geometry,  for  finding  that  form  of  refracting 
glasses  which  will  make  the  rays  converge  to  a 
given  focus,  a  problem,  the  demonstration  of 
which  Descartes  had  not  given.  The  brilliant 
discoveries  made  by  Sir  Isaac  Newton  upon  the 
refrangibility  and  colours  of  light,  not  belonging  to 
dynamics,  he  pursues  the  subject  no  further  in  this 
place,  having  reserved  the  history  of  those  inquiries 
for  his  other  great  work,  the  Optics,f  perhaps 
the  only  monument  of  human  genius  that  merits 
a  place  by  the  side  of  the  Principia. 

*  The  Undulatory  Theory  of  light,  towards  which  philosopher 
have  of  late  years  appeared  to  lean,  is  no  exception  to  this  re- 
mark; for  the  principles  of  that  Theory  may  be  found  in  the 
Eighth  Section  of  the  Second  Book  of  the  Principia,  and  the 
Scholium  which  concludes  that  Section  seems  to  anticipate  the 
application  of  its  principles  to  Optical  Science. 

f  An  abstract  of  these  discoveries  had  been  given  in  the  Lec- 
iiones  Opticee  at  Cambridge  seventeen  years  before  the  publica- 
tion of  the  Principia  in  1687.  The  Optics  only  appeared  in 
1704. 


x2 
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The  tniths  which  we  have  been  contemplating 
respecting  the  attractions  of  bodies  are  fruitful  in 
important  consequences  respecting  the  constitution 
of  tlie  universe.  We  have  seen  that  the  law  of 
attraction  which  makes  it  decrease  as  the  squares 
of  the  distances  increase,  and  the  law  which  makes 
it  increase  as  the  distances  increase,  are  the  only 
laws  which  preserve  the  proportions  between  the 
force  and  the  distance,  the  same  for  the  attraction 
of  the  particles  of  bodies,  and  for  the  attraction  of 
the  masses  in  which  those  particles  may  be  dis- 
tributed— the  only  laws  which  make  the  attraction 
of  bodies  the  same  with  that  of  their  mass  placed 
in  the  centre  of  gravity.  Now  these  two  laws 
regulate  the  actions  of  bodies  gravitating  towards 
rach  other,  the  one  being  the  law  of  gravitation 
beyond  the  surface  of  attracting  bodies,  the  other, 
the  law  of  gravitation  between  the  surface  and 
the  centre.  Thus,  then,  there  is  every  reason 
to  believe  that  this  law  pervades  the  material 
world  universally,  acting  in  precisely  the  same 
manner  at  the  smallest  and  at  the  greatest  dis- 
tances, alike  regulating  the  action  of  the  smallest 
particles  of  matter,  and  the  mightiest  masses 
in  which  it  exists.     This  action,  too,  is  everywhere 
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mutual;  it  is  always  in  direct  proportion  to  the 
masses  of  the  attracted  and  attructing  bodies  at 
equal  distances;  where  the  masses  are  equal, 
it  is  inversely  as  the  squares  of  the  distances 
beyond  the  bodies,  and  within  the  bodies,  as  the 
distances  from  the  centre ;  and  wliere  the  massi's 
and  distances  vary,  it  is  as  the  masses  divided  by 
the  squares  of  the  distances  in  tlie  one  case,  and 
as  the  masses  multiplied  by  the  distances  in  the 
other,  lilts  law  then  pervades  and  governs  the 
whole  system. 

The  discoveries  which  astronomers  have  made 
since  the  death  of  Newton,  upon  the  more  remote 
parts  of  the  universe,  by  the  help  of  improvements 
in  optical  instruments,  have  further  illustrated  the 
general  prevalence  of  the  law  of  gravitation.  'I'hu 
double  fixed  stars,  many  of  which  had  long  been 
known  to  astronomeri^,  and  which  were  believed  to 
ri^tain  at  all  times  their  relative  [Kwitions,  have  now 
been  found  to  vary  in  their  dirttancos  fruni  each 
other,  and  to  move  with  a  velocity  sometimes  acce- 
lerated, Hometimes  retardcdi  but  apparently  ruuiul 
one  another,  or  rather  round  their  common  centren 
of  gravity.  A  course  of  observations  cuntinued  Cor 
above  twenty  years  led  Ilerschcl  to  thin  important 
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conclusion  about  the  year  1803 ;  his  son  has  greatly 
added  to  our  knowledge  of  these  motions;   and 
Professor  Stnive,  of  Dorpat,  applying  geometrical 
reasoning  to  the  subject^  calculated  the  orbits  in 
which  some  of  the  bodies  appear  to  move.     One  of 
the  most  remarkable  is  the  star  y  Virginis,  on  which 
Cassini  had  made  obser\*ations  in  1720.*     It  has 
now  been  found  that  one  of  the  stars  of  which  it  is 
composed  is   smaller   than  the    other;    that  the 
revolving  motions  of  the  two  during  the  first  25 
years  had  a  mean  annual  velocity  of  3P  23'' ;  during 
the  next  21  years,  of  29'  17";  during  the  next  17 
years,  of  only  2^  42";    and  during  the  last  two 
years  (1822,  23)  of  no  less  than  52'  51".    The 
elder  Herschel  calculated  the  time  of  their  whole 
revolution,  the  periodic  times  of  those  distant  suns, 
at  708  years;  it  is  now  supposed  not  to  exceed 
629.     Another  pair  of  stars  are  found  to  revolve 
round  one  another  in  between  43  and  44  years, 
while  a  third  pair  take  12  centuries  to  accomplish 
their  revolution. f     Although  our  observations  are 
far  too  scanty  to  lay  as  yet  the  ground  of  a  sys- 
tematic theory  of  these  motions,  they  appear  lo 


*  M4m.  Acad,  des  Sciences,  1720. 

t  Phil.  Trans.  1803,  p.  339  j  ib.  1824, 1 
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warrant  us  in  assumingf  that  the  law  of  attraction 
which  governs  our  solar  system  extends  to  those 
remote  regions,  and  as  their  suns  revolve  round  one 
another,  each  probably  carrying  about  with  it 
planets  that  form  separate  systems,  we  shall  pro- 
bably one  day  find  that  equal  areas  are  there  as 
here  described  in  equal  times,  and  that  the  orbits 
are  elliptical ;  or,  which  would  come  to  the  same 
thing,  that  the  sesquiplicate  proportion  of  the 
periodic  times  and  mean  distances  is  observed;*  from 
whence  the  conclusion  would  of  necessity  follow, 
that  the  centripetal  force  followed  the  rule  of  the 
inverse  square  of  the  distance,  and  that  gravita- 
tion such  as  we  know  it  in  our  part  of  the  universe, 
likewise  prevails  in  these  barely  visible  regions. 
Thus  additional  confirmation  accrues  to  the  first 
great  deduction  drawn  from  the  theorems  respecting 
attraction  in  the  Principia. 

But  other  interesting  corollaries  are  also  to  be 
deduced  from  these  propositions.  They  enable  us 
to  ascertain,  for  example,  the  attractions,  the  masses, 

*  It  may  even  seem  that  already  the  observed  axes  of  those  re- 
mote orbits,  when  compared  with  their  periodic  times,  approach 
the  sesquiplicate  ratio.    Thus  one  has  its  axis  7''*  9,  and  time  5 
years;  and  another  its  axis  30"* 8,  and  time  452  years. 
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and  the  figures  of  the  heavenly  bodies.  Sir  Isaac 
Newton  boldly  and  happily  applied  them  to  deter- 
mine these  important  particulars^  apparently  so 
far  removed  beyond  the  reach  of  the  human 
faculties. 

L  The  weights  of  bodies  at  the  surface  of  the 
different  planets  were  thus  easily  determined.    The 
law   by  which  the  attractive   force   of    spherical 
bodies  decreases  as   the   square  of  the   distance 
increases,  w  hether  those  bodies  be  homogeneous  or 
not,  provided  their  densities  vary  in  the  same  pro- 
portion, and  the  other  law  regulating  the  proportion 
between  the  periodic  times  and  the  distances  of  the 
planets,  enabled  him  to  compute  the  attraction  of 
each  planet,  for  equal  bodies  at  given  distances  from 
their  centres,  by  comparing  the  observed  distances 
and  periodic  times  of  each ;  and  he  was  thus  also 
enabled,  by  knowing  their  diameters,  to  ascertain 
the  weights  of  bodies  at  their  surfaces.     He  found 
in  this  manner,  that  the  same  body  which  at  the 
surface  of  the  Earth  weighs  435  pounds,  at  that  of 
the  Sun  weighs  10,000,  at  that  of  Jupiter  943,  and 
at  that  of  Saturn  549. 

2.  So  too  the  masses  of  matter  in  each  planet 
and  in  the  satellites  may   be  ascertained.    The 
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motions  of  the  satellites  of  Jupiter  and  Saturn 
aflTord  the  easiest  means  of  determining  the  masses 
of  those  planets ;  and  the  motions  of  tlie  other 
planets  round  the  Sun  enable  us  to  solve  the  pro- 
blem, though  not  so  accurately,  as  to  them*  1'he 
mass  of  Jupiter  compared  with  that  of  the  Earth 
may  be  easily  supposed  to  be  prodigious,  when  we 
find  all  hi«  satellites  revolve  round  him  so  mucli 
more  rapidly  than  the  Moon  does  round  the  Karth, 
although  all  of  them  but  one  have  much  larger 
orbits.  Thus  the  second  satellite  revolves  in  a 
seventh  part  of  our  lunar  month,  though  its  path  is 
half  as  long  uguin:  and  hence,  its  velocity  in 
between  10  and  11  times  as  great.  Sir  Isaac 
Newton  ascertained  the  masses  of  Jupiter,  Saturn, 

and  ihc  Kurth  to  be  to  that  of  the  Sun  as  i^^^^* 

m 

Soil*  VMH2»  ^^  ^  res^Kfctively.  In  like  manner  the 
densities  are  found,  being  as  the  weights  (first 
found)  divided  by  the  axes.  1*hus  ho  determin«*d 
the  relative  densities  of  Jupiter,  Saturn,  and  ttie 
Karth  to  be  as  ^34^,  07,  and  400,  to  100,  the  d(»nsity 
of  the  Sun.  Laplace  has  ascertained  the  masses  of 
the  heavenly  iKMlies  by  an  entirely  din'crent  cal- 
cuius,  founded  upon  the  comparison  of  numeroun 

x3 
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obsenrations  with  the  fonnul»  for  determioing  the 
disturbances.  The  result  is  extremely  remarkable 
in  one  particular.  It  agrees  to  a  fraction,  as  regards 
Jupiter,  with  the  calculation  of  Newton,  making  the 

mass  of  the  planet  j^.    But  the  observations  of 

Pound  respecting  Saturn*s  axis,  on  which  Newton 
had  estimated  Saturn's  mass,  were  subject  to  con- 
siderable uncertainty ;  so  at  least  Laplace  explains 
the  difierence'of  bis  own  results ;  but  he  admits^  that 
even  in  his  day  there  prevailed  considerable  uncer- 
tainty respecting  this  planet's  mass,  while  thatof  Ju- 
piter, Wing  well  ascertained,  agrees  perfectly  with  Sir 
Isaac  Newton's  deduction.  Laplace  gives  the  masses 
of  the  four  great  planets  thus,  that  of  the  sun  being 

unity :  Venus  ^-^l^^ ;  Maw  ^^ ;  Jupiter  jje^ ; 
differing  by  jr  only  from  Newton's,  who  indeed  did 
not  insert  decimals  at  all) ;  and  Saturn  — —  |  The 

Moon's  mass  he  makes  g^,  that  of  the  Earth  being 

unity,  while  the  greatest  of  Jupiter's  satellites  'm 
only    0,0000884972,  Jupiter   being  unity.    This 

•  M^.  C^L  liT.  vii.  ch.  16,  t.  44. 

t  M6e.  C^l.  liT.  z.  ch.  8, 9 ;  convcting  Uv.  vi.  cb.  6. 


gr»At  g«sotiu»trician*«  oWrvatioti«  upoii  8aturn*i» 
ring  %re  pi»eiiliaHy  worthy  of  aititntion.  Th«  «c- 
trtfRiA  li^htrKtM  of  the  matt&r  of  which  thf^  pianist 
eon«ifff«»  ha«»  alrtfady  been  «howri ;  it  i«  «»ix  timiM 
lighti^r  than  tlu)  rttuan  dimity  of  th<^  Karlh  ;  or,  if 
tho  maun  u\mc\no.  gravity  of  the  luiUtr  ho  taken  a« 
5,'*^  thai  of  wator  Ixsing  aw  I,  lh<t  rriatt<tr  of  which 
8atiirii  in  compoMi^d  muHt  h(^  only  'i^  tirn<*H  h<'avi<fr 
than  fiork,  and  lighter  than  India  rnhhr»r  Tint 
Laplacit  hail  MaliNfacforily  idiown  thai  hU  ringn  tnutit 
1)0  itoftifHrnM  of  a  fluid,  and  that  no  oilier  (U)UHiruii' 
tion  can  account  for  their  permanence,  f 

3,  Kir  I»aac  Newton,  lantly,  hy  the  principles 
which  we  have  been  explaining  in  the  lait<«r  part  of 
our  AniilyNi«»,  investigated  the  figures  uf  the  heaverdy 
l>o<lie«,  'IIhiii  he  CMpeciiilly  exuniined  that  of  tlie 
Karth*  Thin  planrH,  in  revolving  round  its  uxis, 
given  thone  ]iarticlcK  tlie  greatest  ti*nd<'ncy  U)  fly 
off  which  move  witli  the  greatest  velocfity,  that  in, 
fhotte  which  are  furtheNi  from  their  centn*M  of  rota- 
tion ;  in  other  wordH,  tlioHe  wliich  are  mtareHt  the 
equator ;  while  thowt  neur  the  |)o|eM,  deMirrihing  much 
umaller  circlen,  move  nnich  slower  and  have  far  leiM 
tendency  to  fly  ofl*.     Ilenre  there  in  an  ai;cumula 
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lion  of  matter  towards  the  equator,  which  is  raised, 
while  the  poles  are  depressed  and  flattened,  and  the 
equatorial  axis  is  longer  than  the  polar.  By  com- 
paring the  space  through  which  heavy  bodies  £aJl 
in  a  second  in  our  latitudes  with  the  centrifugal 
force  at  the  equator,   he  found  that   the   gravity 

of  bodies  there  is  diminished  ^gg  at  least,  or  that 

the  equatorial  axis  Ls,  at  least  ^  longer  than  the 

polar.  But  he  considered  this  estimate  as  below 
the  truth,  because  it  does  not  make  allowance  for 
the  effect  produced  on  gravitation  by  the  increase 
of  the  distance  at  the  equator  from  the  centre. 
Accordingly,  by  a  skilful  application  of  the  method 
of  false  position,  he  corrected  this  calculation,  aiid 
ultimately  brought  out  the  proportion  to  be  that  of 
229  to  230,  making  the  equatorial  axis  about  34} 
miles  longer  than  the  polar,  the  whole  axis  being 
about  7870  miles.  He  also  estimated  the  two  axes 
of  Jupiter  to  be  as  11 J  to  10-J,  supposing  the  density 
of  the  body  to  be  the  same  throughout ;  but  if  it  is 
greater  towards  the  equator,  our  author  observed 
that  the  difference  between  the  axes  might  be  de- 
creased as  low  as  13  to  12,  or  even  14  to  13 ;  which 
agreed  well  enough  with  Cassini's  observations  in 
those  days,  and  still  more  nearly  with  Pound's.  But 
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more  accurate  observation  has  since  shown  that  the 
difference  is  considerably  less^  the  disproportion 
being  not  more  than  that  of  1074  to  1000;  so  that 
the  planet  must  be  very  far  from  homogeneous  and 
its  equatorial  density  greatly  exceed  its  polar. 
Thus,  too,  accurate  measurements  of  a  degree  of 
latitude  in  the  equatorial  and  polar  regions,  and 
experiments  on  the  force  of  gravity,  as  tested  by  the 
length  of  the  pendulum  vibrating  seconds  in  those 
dilBFerent  parts  of  the  globe,  have  led  to  a  similar 
inference  respecting  the  earth,  its  axis  being  now 
ascertained  to  bear  the  relation,  not  of  230  to  229, 
as  Newton  at  last  concluded,  nor  even  that  of  289 
to  288,  according  to  his  first  approximation,  but  only 
that  of  336  to  335,*  being  an  excess  of  little  more 
than  23|  miles.  The  calculation  of  Newton  was 
formed  on  the  supposition  of  the  Earth  being  homo- 
geneous ;  and  it  is  worthy  of  remark,  that  although 
the  later  observations,  by  proving  the  flattening 
at  the  poles  to  be  less  than  he,  on  this  hypothesis, 
assigned  it,  have  shown  the  Earth  not  to  be  homo- 
geneous, no  correction  or  improvement  whatever 
has  been  made  on  his  theory  in  this  respect.  We 
find  Laplace,  on  the  contrary,  in  the  very  passage 

*  M6c.  Ca  liv.  ill.  ch.  d. 
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to  which  we  are  now  referring,  assuming  his  precise 

fraction  ^  as  die  one  given  by  the  theory  upon  the 

supposition  of  the  globe  being  homogeneous,  and 
reasoning  upon  that  fraction.'*' 

Now  it  is  fit  that  we  here  pause  to  contemplate 
perhaps  the  most  wonderful  thing  in  the  whole  of 
the  Newtonian  discoveries.  The  subject  of  curvi- 
linear motion,  or  motion  produced  by  centripetal 
forces,  was  certainly  in  a  great  measure  new,  and  Sir^ 
Isaac  Newton  s  treatment  of  it  was  in  the  highest  de- 
gree original  and  successM.  But  the  laws  of  attrac- 
tion, the  principles  which  govern  the  mutual  actions 
of  the  planets,  and  generally  of  the  masses  of  matter, 
on  each  other,  was  still  more  eminently  a  field  not 
merely  unexplored,  but  the  very  existence  of  which 
was  unknown.  Not  only  did  he  first  discover  this 
field,  not  only  did  he  invent  the  calculus  by  means 
of  which  alone  it  could  be  explored,  and  without 
which  hardly  a  step  could  be  made  across  any 
portion  of  it  (for  the  utmost  resources  of  geome- 
trical skill  in  the  hands  of  the  Simsons  and  the 
Stewarts  themselves,  who  in  other  inquiries  had 
performed  such  wonders  by  ancient  analysis,  would 

♦M^.C^Lliv.iii.  ch.5,B.41. 
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have  failed  to  do  anything  here),  but  tho  great 
diMCoverer  actually  completed  the  most  difficult 
investigation  of  thi»  new  regioni  and  readied  to 
its  most  inaccesiible  heights,  with  a  clearneM  no 
absolute,  and  a  certainty  so  unerring,  that  all  the 
subsequent  researches  of  his  followers,  and  all  their 
vast  improvements  on  his  calcuhiSi  have  not  enabled 
them  to  correct  by  the  fraction  of  a  ci|)her  his 
first  results.  The  Ninetieth  and  Ninety-first  Pro- 
positions of  the  First  Booki  containing  ttie  most 
refined  principles  of  his  method^  are  applied  by  him 
in  the  Nineteenth  of  the  'I'hird  Book  to  the  problem 
of  the  Kartirs  figure ;  his  determination  of  the 
ellipticity,  supposing  the  mass  homogeneoim,  is 
obtainml  from  thiit  tipplication.  A  contury  of 
study,  of  improv(?meiit,  of  diHCovery  lias  puHMod 
away;  and  we  find  Laplace,  maM4ir  of  all  the  new 
resources  of  the  calculus, and  occupying  the  heights 
towhich  the  labours  of  Kuler,(/lairaut,  IXAlctubcrt, 
and  Lagrange  have  enabled  uh  toaHcend,  adopting 

the  Newtonian  fraction  of  j^^^,  as  the  accurate  solu- 
tion of  this  speculative  problem.  New  adtncasiiiv- 
ments  have  been  undertakeii  upon  a  vast  scale, 
patronized  by  the  munificence  of  rival  gov4*riiinents ; 
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new  experitneiits  have  been  performed  with  improTed 
apparatus  of  exquisite  delicacy ;  new  obseiratioDS 
have  been  accumulated,  with  glasses  far  exceeding 
any  powers  possessed  by  the  resources  of  optics  in 
the  days  of  him  to  whom  the  science  of  optics,  as 
well  as  dynamics,  owes  its  origin  ;  the  theory  and 
the  fact  have  thus  been  compared  and  recoH' 
oiled  together  in  more  perfect  harmony  j  but  that 
theory  has  remained  imimproved,  and  the  great 
principle  ofgravitation,  with  its  most  sublime  results, 
now  stands  in  the  attitude,  and  of  the  dimensions, 
and  with  the  synimetry,  which  both  the  law  and  its 
application  received  at  once  from  the  mighty  hand 
i)t  its  immortal  author. 


M 


HiTHEiTO  we  hare  considered  all  motion  as  per- 
fcmmed  m  racmo,  or  in  a  mediinn  wliicii  offers  no 
resistanoe  to  the  action  ot  fiiroes  upon  bodies 
moviiig  in  any  direction.  It  was  necessary  that  the 
subject  should  first  be  discussed  upon  this  suppo- 
sition ;  and  the  hypothesis  agfees  with  the  fact  as 
far  as  the  motions  of  the  hearenlT  bodies  are  eon- 
cemed.  But  all  the  motion  cf  which  we  bare  any 
experienoR  upon  or  near  the  suriaoe  of  the  earth, 
is  performed  in  the  atmosphere  that  surrounds 
our  globe ;  and  therefore,  as  regards  all  <iuch 
motion,  a  material  allowance  mu«t  \j^  rna/le  (t/r  the 
resistance  of  the  air  when  we  apply  to  i/riu:*u:t*  our 
deductions  from  the  the<MT«  It  i%  aUo  oh\  ujm  t/iat 
a  stiU  greater  effect  will  be  yroAwMA,  u\H>n  uuAttiff 
bodies,  if  their  motion  is  y^tbfmysti  in  a  At^t^r 
fluid,  as  water.  Further,  t)M;  pry^iHMjr^;  ati/l  tiUf^'uHt 
of  fluids  themselves  form  %m\fi}titkiii  %%i\t'yu'X%  tf( 
consideration,  independent  of  any  rfi//<iori  of  l/z/^lm 
through  them  and  impeded  by  i\y^$%,  'Hutntt  tu'wrni 
matters  form  the  subject  of  ttie  mmii*M%  i$f  WyUa* 
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statics.  Hydraulics,  and  Pneumatics ;  the  first  treat- 
ing of  the  weight  and  pressure  of  watery  fluids, 
the  second  of  their  motion,  the  third  of  aeriform 
or  elastic  fluids.  They  are  discussed  in  the  Second 
book  of  the  Principia.  It  consists  of  Nine  Sectiom; 
of  which  the  First  Three  discuss  the  motion  of  bodies 
to  which  there  is  a  resistance  in  different  proportioBs 
to  the  velocity  of  the  motion ;  the  Fourth  treats  of 
circular  or  rather  spiral  motion  in  resisting  media; 
the  Sixth,  of  the  motion  and  resistance  of  pendu- 
hims ;  and  part  of  the  Seventh  discusses  the  motion 
of  projectiles ;  while  the  rest  of  the  Seventh,  and 
the  whole  of  the  four  remaining  sections,  treat  of 
the  pressure  and  motion  of  fluids  themselves  and 
propagated  in  pulses,  or  otherwise,  through  fluids. 
We  shall  arrange  the  subjects  under  these  Five 
heads,  instead  of  following  the  precise  order  of  the 
work  itself.* 

Two  observations  are  applicable  to  this  branch 
of  the  subject,  and  to  the  treatment  of  it  in  the 
Piincipia  ;  and  these  observations  lead  to  our  distin- 
guishing this  portion  of  that  great  work  from  the  rest. 

First,     Much  more  had  been  accomplished  of  dis- 

*  For  the  arrangement,  see  the  Summary  of  CoLt«nts,  vol.  i. 
p.  xzKiv,  y. 
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covery  respecting  the  dynamics  of  fluids  before  the 
time  of  Sir  Isaac  Newton,  in  proportion  to  the  whole 
body  of  the  science,  than  in  the  other  branches  of 
Mechanics.  The  Newtonian  discoveries,  therefore, 
effected  a  less  considerable  change  upon  this  de- 
partment of  Physics  than  upon  Physical  Astronomy 
and  the  general  laws  of  motion.  As  early  as  the 
time  of  Archimedes  the  fundamental  principle  of  the 
general  or  undequftque  pressure  of  fluids  had  been 
ascertained ;  many  of  the  easier  problems,  and  even 
some  of  the  more  complicated,  had  been  investigated 
by  its  aid.  When  dynamical  science  was  newly 
constructed  by  the  illustrious  Galileo,  the  progress 
which  he  made  may  almost  be  said  to  have  formed 
Hydrostatics  and  Hydraulics  into  a  syHtcni ;  and 
Pascars  original  and  inventive  genius,  soon  after- 
wards applied  to  it,  enabled  him  clearly  to  per- 
ceive the  hydrostatic  ])aradox,  and  even  led  him 
to  a  plain  anticipation  of  the  hydrostatic  press.* 
Torricelli  about  the  same  period  reduced  the 
atmosphere  under  the  power  of  weight  and  measure, 
making  it  the  subject  of  calculation  by  the  beautiful 
experiment  which  first  ascertained  its  gr  '^^ch 

*  lie  crflU  a  box  of  water  '*  a  new  mccbi 
which  we  may  multiply  force  ad  iibitum,**  (Kqiri 
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had  long  been  suspected  but  not  proved.  Pascal 
first  extended  the  Torricellian  experiment  to  all  ibe 
perfection,  indeed^  which  it  has  ever  attained,  by 
showing  the  connexion  between  the  height  of  places 
on  the  earth*s  surface,  and  that  of  the  mercurial 
column ;  thus  demonstrating  satisfoctorily  the  pres- 
sure of  the  atmospherical  column.  Torricelli  had 
also,  from  experiments  on  the  spouting  of  water, 
inferred  that  the  velocity  of  the  spouting  column, 
or  jet,  is  as  the  square  root  of  the  height  of  the 
reservoir  of  fluid  whose  pressure  causes  the  flow. 
So  that  the  fundamental  principles  being  ascer- 
tained, considerable  progress  was  also  made  ia 
their  systematic  application,  when  Sir  Isaac  Newton 
came  to  treat  the  subject  as  a  branch  of  his  general 
dynamical  theory,  and  to  investigate  the  laws  of 
fluids  by  means  of  those  profound  principles  which 
he  bad  established  with  respect  to  all  motion^  Thus 
more  was  done  before  his  time,  and  less  conse- 
quently left  for  him  to  do  here,  than  in  the  other 
branches  of  the  general  subject. 

Secondly.  It  is  also  true  that  the  work  which  be 
produced  upon  this  branch  of  science^  did  not  attain 
the  same  perfection  under  his  hands,  as  the  rest  of  the 
Principia.  Although  he  treated  it  upon  mathematical 
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principles,  he  left  considerably  more  to  be  done  by 
his  successors  than  he  left  to  be  added  by  those  who 
should  follow  him  in  the  field  of  Physical  Astronomy. 
A  great  step  was  almost  immediately  made  by  J. 
Bernouilli,  in  ascertaining  the  effects  of  the  air's  re 
sistance  upon  the  motion  of  projectiles ;  and  an  error 
so  apparent  was  pointed  out  in  one  of  the  Propo- 
sitions in  the  Principia  (Book  II.  Prop.  37*),  that 
the  correction  coming  to  the  author's  knowledge,  he 
struck  it  out  of  the  second  edition,  then  in  the  press. 
His  original  solution  of  the  problem  as  to  spouting 
columns,  having  differed  from  the  rule  which  Torri- 
celli  had  deduced  experimentally,  Newton  again 
investigated  the  question  by  a  different  and  an 
admirable  process ;  but  even  now  the  subject  re- 
mains in  a  very  unsatisfactory  state.  Nor  can  it  be 
said  that  the  science  of  hydrodynamics  generally 
has  attained  the  perfection  of  the  other  branches 
of  Mechanical  philosophy ;  while  it  is  certain  that 
the  application  to  it  of  the  calculus  by  Euler,  and 
still  more  by  Clairaut,  has  greatly  added  to  the 
theorems  left  by  Sir  Isaac  Newton ;  and  the  re- 
searches of  Laplace  upon  capillaiy  attraction,  form 

*  First  Edition,  published  in  1637. 
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a  department  of  science  almost  unknown  before 
the  latter  part  of  the  eighteenth  century. 

The  statement  of  these  particulars  was  necessary 
in  order  to  place  the  relative  merits  of  the  different 
branches  of  the  Principia  in  their  true  light.  That 
a  great  improvement  was  accomplished  in  natural 
knowledge  by  this  portion  of  Sir  Isaac  Newton's 
discoveries^  none  can  doubt.  That  the  Second 
Book  displays  at  every  step  the  profound  sagacity 
and  matchless  skill  of  its  author^  is  undeniable. 
That  it  would  have  conferred  lasting  renown  upon 
any  one  but  himself,  had  it  been  the  only  work 
of  another  man,  is  certain.  Nor  can  we  forget  that 
in  rating  its  importance  as  we  have  ventured  to  do, 
we  only  undervalue  this  portion  of  the  Principia, 
by  applying  to  it  the  severest  of  standards,  com- 
paring it  with  the  discovery  of  the  laws  which 
govern  the  system  of  the  universe,  and  placing  it  in 
contrast  with  the  other  parts  of  that  unrivalled 
effort  of  human  genius. 


NOTE. 


The  argument  in  page  436  et  seq.,  vol.  ii.,  is 
succinctly  and  popularly  stated  respecting  the  sup- 


PRINCIPIA.  479 

position  of  a  hollow  in  the  centre  of  the  Earth, 
and  several  steps  are  omitted  One  of  these 
may  be  here  mentioned  in  case  it  should  appear 
to  have  been  overlooked.  Suppose  a  mass  tn 
detached  from  the  hollow  sphere  M,  and  impelled 
at  the  same  time  with  that  sphere  by  an  mitial 
projectile  force,  then  its  tendency  would  be  to 
describe  an  elliptic  orbit  round  the  sun,  the  centre 
of  forces,  and  if  it  were  detachc^l  from  the  earth 
it  would  describe  an  ellipse,  and  be  a  small  planet. 
But  as  the  accelerating  force  acting  upon  it  would 
be  difierent  from  that  acting  on  the  earth,  the  one 

beins  as  ^  ,  and  the  other  as  ^    (D 

being  the  distancre  and  S  the  mass  of  the  %%ifi),  it 
is  manifest  that,  sooner  or  later,  its  motion  being 
slower  than  that  of  the  hollow  sphere,  if  m  be 
placed  m  the  inside,  it  must  come  in  conta^rt  with 
the  interior  circumference  of  the  space,  and  either 
librate,  or,  if  fluid,  coincide  with  ft,  as  aMumed  in 
the  text.  Where  parts  of  the  spherical  ^heJl  come 
off  by  the  centrifugal  force,  of  coune  no  su^'b  lAep 
in  the  reasoning  i<>  wanted ;  nor  is  it  fie^r#'«»*ary  to 
add  that  jaeitber  those  |:arts  nor  any  iA\»er  wHiiiri 
I  he  hatkm  shell  can  fiare  any  nA»U^  motion. 


>* 


KRRATA. 

Pngtt  Line 

31,  15,  after  "nor'*  iM€rt*'i:" 

ib,  18,  /or  «  no  "rearf"  not* 

74,  1,  /or  "squares'*  rrarf*' iquare.* 

214,  3,  from  bottom,  for  <*  J  unia  **  read  '<  Simia.*'  . 

347,  14,  for*'  C,  P,**  read  «  C.  F.*' 

376,  1 3,  for  '*  velori  '*  read  *•  velocior." 

410,  10,  from  bottom,/or  « the  "  read  "  their." 

ib,  9,  from   bottom,   for    *'are    commensurable*'    read 

"  ihoiild  be  commensurable,  which  those  of  Jupi- 
ter and  Saturn  are,  after  *'  &c. 

411,  7,  from  bottom,  for  ''expression  by  which'*    read 

'^  equation  to.** 
ib,  last  line,  for  ^  855  '*  read  §  65. 

41.'>,  6,  from  bottom,/or  « 109,000  '*  read  •'*  109,060.** 

416,        last  line,  dele  &c.  in  the  denominator  of  — - — - — • 

d  t,  «c. 

421,         10,  from  hottom,  q/V^  "evanescent"  tn«rr/ "disturb- 
ing.** 
42.),  letter  S  should  be  put  in  the  centre  of  the  circle. 

ib.  6,    for  "  L  N  +  31  K"  read  "LN  +  Q»   Q  being 

.       ,  1 

a  quantity  that  vanes  as       „^  » 

429,  S,for  *'  less  curved  **  read  "  more  curved." 

i6.  1,  7,  9,  for  "syrygies  "  read  '*  syrygy." 


Londou:  Printed  by  W,  Clowks  and  Sons,  Stamfi>rd*8treet.  *•.„   .- 
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